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Financial Flow Variables and the 
Short-Run Determination of Long-Term 
Interest Rates 


Benjamin M. Friedman 

Harvard Univtrsity 


Brcause transactions costs are smaller for allocating new cash flows than 
for reallocating existing asset holdings, financial flow variables are im¬ 
portant determinants of investors’ short-run asset demands. The demand- 
for-bonds equations implied by the resulting “optimal marginal adjust¬ 
ment” model of portfolio behavior constitute the demand side of a 
structural supply-demand model of the determination of the long-term 
interest rate. Empirical results, based on demand-for-bonds equations 
estimated using U.S. data for six major categories of bond market in¬ 
vestors, support the optimal marginal adjustment model and show that 
the associated structural model of interest rate determination, which is 
restricted by the underlying demand-for-bonds equations, fits the data 
about as well as do previously developed unrestricted reduced-form 
term-structure equations. 


The analytical frameworks which economists use to investigate various 
economic phenomena often bear little resemblance to market partic¬ 
ipants’ conceptions of the processes in which they play some role. A 
striking example of this dichotomy is the question of how long-term 
interest rates are determined. Financial market participants, keenly 
sensitive to the fact that the immediate determination of bond yields 
takes place in a market in which securities are bought and sold, typically 
believe that the interplay between borrowers’ issues of new bonds and 
investors’ newly available cash flows represents an important determinant 
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of long-term yields. In contrast, most economists have placed almost 
exclusive emphasis on the role in portfolio selection of relative asset 
returns and risks, which lead to reduced-form equations incorporating 
term-structure and price-expectations elements and have argued that, if 
quantity variables are relevant at all, it is not flows but stocks which 
matter.' 

The object of this paper is to set forth and estimate, using U.S. data, a 
framework which reconciles these two conflicting views about the im¬ 
portance, or lack of importance, of financial flow variables in the deter¬ 
mination of long-term interest rates. In particular, in the framework 
presented below, flow variables are important determinants of the short- 
run variation of long-term yields, while in the long run only stock 
variables and relative return and risk variables matter. 

The vehicle which this paper uses to explore this question is a structural 
model of the determination of long-term interest rates, as previously 
described in some detail in Friedman (1974). The primary thrust of this 
model is to eschew the familiar unrestricted reduced-form term-structure 
equation and to use instead a set of structural equations representing 
supplies of and demands for long-term bonds. Since each such supply or 
demand equation is a function of the long-term bond yield, among other 
variables, the addition of a market-clearing identity equating total net 
excess supply (demand) to zero facilitates solving the model for the 
long-term bond yield itself The principal usefulness of this structural 
model, for the purpose of this paper, is that it provides a way of focusing 
directly on those aspects of investors’ behavior which lead to the short-run 
importance of financial flow variables. The form of the model presented 
in this paper is consistent with this orientation, in that it develops the 
role of the flow variables in detail but docs not incorporate either complex 
lag structures on yield variables or a wide variety of exogenous variables 
other than straightforward asset return variables; such extensions remain 
for further research.^ 

Section 1 develops the basic framework of portfolio selection and 
portfolio .adjustment, an “optimal marginal adjustment” model, within 
which financial flow variables play an important role in the determination 

' Culbertsoti'a (1957) “market segmentation” views are something of an exception in 
their adaptability to the association of causal influence with flow variables. The work 
by Modigliani and Sutch (1966, 1967) and Modigliani and Shiller (1973) bears the label 
“preferred habitat" theory and therefore seems at first glance to allow for the role of flow 
variables, but no such variables appear in the empirical work. Sitber (1970), Hendershott 
(1971), Bosworth and Duesenberry (1973), and Hendershott and Lemmon (1973) have 
introduced flow variables into their empirical models, but they have done so without 
providing an explicitly specified analytical framework to show why these variables are 
present. 

* See Friedman (1974) for a discussion of lag structures and of exogenous variables 
which may play a role in determining investors’ demands for bonds. Friedman (1976) 
uses such lag structures in empirical work on the supply of bonds by corporations. 
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of the short-run behavior of investors’ asset demands. Section II briefly 
reviews the basic features of the overall structural model of long-term 
interest rate determination as used in this paper. Section III discusses 
some operational questions of estimation procedure and data. Section IV 
presents results for equations representing the demand for long-term 
bonds by the six major categories of investors in the U.S. corporate bond 
market, commenting in particular on the itnplications of the estimation 
results for the role of flnancial flow variables in influencing {portfolio 
behavior. Section V presents two sets of full-system dynamic simulation 
results: for the seven-equation structural model consisting of the six 
estimated demand-for-bonds equations and a market-clearing identity 
(with bond supply taken as exogenous), and for the analogous nine- 
equation model incorporating the two supply-of-bonds equations de¬ 
veloped in Friedman (1976). Section VI briefly summarizes the main 
conclusions of the paper. 

I. The “Optimal Marginal Adjustment” Model of 
Portfolio Behavior 

In a world in which transactions costs are nontrivial, it is- useful to 
represent investors’ portfolio behavior by a model which determines the 
desired long-run equilibrium portfolio allocation together with a model 
which determines the short-run adjustment toward the equilibrium 
allocation. 

A familiar model of the selection of desired portfolio allocation, for a 
given investor or group of investors, is the linear homogeneous form * 

^ Puihi + S + ^t> i = I,N, (1) 

where 

A*, i = 1,. . . , = the investor’s desired equilibrium holding of the 

ith asset at time period < (J), A* = fV,); 

W, = the investor’s total portfolio size (wealth) at time 
period 1; 

>■*11 * ■= 1,. •., = the expected holding-period yield on the Ath asset 

at time period 1; 

Xu,, h = 1,..., M = the values at time period t of additional variables 
which influence the portfolio allocation; 

* Asset stocks and wealth are measured on an end-of-period basts throughout. See, for 
example, de Leeuw (1965), Brainard and Tobin (1968), and Hendershott (1971). Linear 
homogeneous asset demand functions may be derived fi'om, for example, maximization 
of a negative exponential utility function in portfolio rate of return, where asset returns 
are normally distributed. 
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and the 7 ^*, and n, are fixed coefficients which satisfy Xi Pik = 0 fo'" 
all k, fiH = 0 for all h, and = 1- The role of the wealth homo¬ 

geneity constraint is to require that any shift in an asset’s share in the 
desired equilibrium portfolio be due to movements either of relevant 
yields (rj or of other variables (A*), rather than to overall growth of the 
total portfolio itself; particularly for the case of equations representing 
the behavior of categories of investors, this assumption seems appropriate.* 

The analytical role of the expected holding-period yield variables, 
r^, k = , N, is straightforward, although devising ways of em¬ 

pirically representing these expectations is highly complicated when 
potential capital gains or losses are involved. The usual presumption is 
that investors’ demand for any asset responds p>ositively to the own yield 
on that asset {P,i^ > 0, k = i) and negatively to the yields on alternative 
a.s.sets (/i,j < 0, k ^ i). Because of differing portfolio objectives in terms 
of return and risk, differing effective transactions costs, and differing 
institutional and regulatory constraints, the group of assets which compete 
for a place in the collective portfolio of any investor or group of investors 
need not coincide with the entire menu of assets available in the economy. 
In practice, therefore, it is necessary to determine what potential sub¬ 
stitutabilities are actually relevant in each case, and portfolio selection 
equations for different investor categories need not include identical 
groups of yield variables. ’ 

The variables X^, h = 1,..., M, in the portfolio selection model (1) 
represent influences, other than the r* measures of expected holding-period 
yields, which cause investors to change their desired equilibrium portfolio 
allocations among the various available assets. Following the mean- 
variance model of portfolio selection, these additional variables represent 
influences on investors’ perceptions of return (to the extent that measures 
Tj are incomplete) and risk over the relevant holding period. Some in¬ 
vestors may respond to certain specific influences, such as the anticipated 
volatility of nominal returns, while other investors may respond to dif¬ 
ferent influences, such as anticipated price inflation. As is the case for the 
yield variables, therefore, portfolio selection equations for different in¬ 
vestor categories need not include identical groups of nonyield variables. 

Given the desired equilibrium portfolio allocation indicated by model 
( 1 ), the usual description of investor behavior involves a shift of asset 

* For a further discussion of the rationale behind the wealth homogeneity constraint, 
see Friedman (1956) and de Leeuw (1965). For an alternative view, see Goldfeld 
(1966, 1969). 

’ In principle, of course, a sufficiently extreme return on any asset could bring about 
substitutions which do not normally take place. Nevertheless, the po^bility that some 
individuals may buy private-placement bonds at a 25 percent yield, for example, does 
not warrant including the private-placement yield in equations for individuals’ asset 
demands if that yield has varied only between 5 percent and 15 percent during the 
relevant sample period. 
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holdings which eliminates some, but not all, of the discrepancy between 
holdings A, ,_i at the end of the previous period and the new desired 
holdings A*. One familiar representation of the resulting portfolio adjust¬ 
ment process is the stock adjustment model* 

= E i = 1..... at, (2) 

k 

where Ai, = the investor’s actual holding of the ith asset at time period t 
(S( ^ii — fixed coefficients of adjustment such that 

0 ^ ^ 1, k = i, and X/ An analogous model which 

involves explicit adjustment of the portfolio proportions is 

N 

Aa,., = E ^ik(o^k> - ‘ = 1..... (3) 

k 

where 

(?“-->)■ 

and the constraint applicable to the d,i^ is the weaker 8,^ = 0 for all 
k (which does not require 0 = 1). 

At least three conceptually distinct phenomena may account for 
investors’ failure to adjust their portfolios fully and immediately to 
whatever equilibrium allocations are consistent with each period’s new 
values of the relevant variables: transactions costs, expectation formation 
lags, and perception lags. The lags associated with forming expectations 
and with perceiving current market developments in large part give rise 
empirically to the use of distributed lags on market yields to represent 
the expected holding-period yield variables (r^) in fwrtfolio selection 
model (1).’ In contrast, the lags associated with transactions costs are of 
key importance to this paper’s concern with the role of financial flow 
variables. 

Transactions costs in the U.S. long-term debt markets take the form 
either of direct pecuniary charges or more indirect costs. Direct pecuniary 
charges include such factors as bid/asked spreads for institutional in¬ 
vestors in the professional dealer market for debt securities and, in 
addition, brokerage fees for individual investors. Indirect costs for in¬ 
stitutional investors include increased in-house overhead expenses asso¬ 
ciated with greater trading activity and participation in specialized forms 

• Anderson (1964), de Leeuw (1965), and Goldfeld (1966) arc a few examples of the 
application of the stock adjustment model to portfolio behavior. As Smith (1975) has 
pointed out, it is necessary to interpret each 0^ as the partial effect on A, of a unit 
increase in A* accompanied by a unit increase in W, 

^ See Friedman (1974) for further discussion of these two sources of lagged adjustments. 
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of transactions, while for individual investors the most important factor 
is probably the opportunity cost of whatever time trading absorbs. 
Gathering and processing information may be a major compionent of the 
cost of trading for both institutions and individuals. Transactions costs 
also differ among types of debt securities. The bid/asked spread in the 
Treasury bill market, for example, is smaller than the spread for a trade 
of comparable size in the long-term bond market. Transactions cost 
distinctions at various levels exist even within the overall classification 
of long-term corporate bonds, as new issue purchases differ from secondary 
market trading, and privately placed securities usually tend to be highly 
illiquid.* Indirect transactions costs, such as the difficulty of obtaining 
rapid execution of a trade, also vary considerably from one type of 
security to another. 

One implication of these transactions costs is that it is easier (cheaper) 
for most investors to allocate new cash flows—including both net wealth 
increments and repayments such as dividends, coupon interest, and 
maturities—than to reallocate current asset holdings.* As a result, the 
simple stock adjustment models (2) and (3) are inadequate in failing to 
distinguish clearly between new cash flows and previous-period wealth 
(including capital gains and net of repayments). 

Figure 1 illustrates explicitly this ovcrrestrictiveness of portfolio adjust¬ 
ment models (2) and (3) by representing portfolio adjustment model (3) 
for the case of an investor whose ptortfolio consists of two assets only, 
holdings of which are indicated by distances from the origin in the two- 
dimensional diagram. For fixed asset prices Fj and assets Aj and 

A 2 , respectively, the straight line from [0, to 0] 

represents the investor’s wealth constraint in time period (/ — 1), and the 
parallel line from [0, (fFj/Fj)] to f(kF,/F,), 0] represents the wealth con¬ 
straint after an increment AfV, >0. Point F,_, indicates the investor’s 
previous period asset holdings and point ¥, indicates 

the holdings (A,„A 2 ,) which would result from no reallocation of the 
existing asset holdings and allocation of the wealth increment AfV, in 
proportion to the actual holdings at time period (/ — 1). Point Z* 
indicates the desired equilibrium holdings {A*„ A*,) ■ Point Z, indicates 
the actual holdings (^4,,, ^4^,) which result from portfolio adjustment 
model (3). 

• In recent years, quoted bid/asked spreads in the professional corporate bond market 
have fallen to fairly low levels for a wide selection of securities as trading volume in these 
securities has grown. Nevertheless, since the market as a whole has remained quite thin, 
institutional investors are conscious of the extent to which sizable transactions that they 
may attempt can cause both bid and asked quotations to shift in the direction representing 
a market deterioration from their current point of view. Hence quoted bid(asked spreads 
understate true direct pecuniary transactions costs. With respect to private placements, 
trading liquidity is limited but is nevertheless often greater than Shapiro and Wolf (1972) 
implied. 

• Ducsenberry (1963) has made this point, as have a number of subsequent writers. 
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A2 



Fio. 1.—Portfolio adjustment model (3). two-asset case 


The necessary and sufficient conditions for jxiints Z, and Z* in figure 1 
to be identical arc — ^12 == ^22 ~ ^21 = 1. In the absence of such 
a complete adjustment model, Z, and Z* are not identical, and the 
model’s symmetrical adjustment factor, applicable to both assets, is 
indicated by the ratio of the lengths of line segments Y^, and Y,Z*, 

^ 1^1 _ *11 — _ ®2« ~ ®2 .f-l 0,0 fl fA\ 

—i - -----—^- = 0,, -h 022 - 0. ■ (4) 

■•tA *11 ®l.t-l ® 2 « “ * 2 ,»-l 
which is independent of the wealth increment A W,. ‘ ° 

Hence the standard stock adjustment model—even in the full form 
including “cross-discrepancies” ‘ *—is too restrictive in that it does not 

As defined for equation (3), 6 is the identical sum of each column in the matrix of 
adjustment coefficients. The symmetry of the two-asset case, by which («,, — 

(«ii — “i.i-i) = («ii — does not hold in the general case; for 

three or more assets, the («„ — are not necessarily equal but are 

still independent of AfV,. The purpose of figure 1 is to illustrate this independence of the 
(«ii ~ ®i.i-t)/(«ri — and AW, in the stock adjustment model. The graphical 

convenience of two dimensions is the only reason for using a two-asset model in the figure. 

“ Brainard and Tobin (1968) have emphasized the importance of the dependence of 
the adjustment of any asset holding AA,, on the discrepancy {A*, — A,,.,) for other 
assets k s* i. An implication of this point for model (2) is that, if 8 ,^ = 0 for i # i, so 
that the model is equivalent to 

- OidAf, - A,.,.,). in. I .AT, (2') 

then 6,1 = 1 for all i, and the model requires full adjustment of each asset holding A,,,^, 
to the desired holding A*, so that A,, » A*, for all i. The analogous implication of this 
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Hvhere the Si are fixed coefficients such that 0 ^ dj ^ 1 for all i and 
fXi^i = constraint on the 0^ is ^lOu = 0 for all A, as in 

model (3). The first term on the right-hand side of model (5) represents 
the reallocation of the existing wealth while the second term 

represents the allocation of the flow of new wealth AIV,. 

Although model (5) may represent some improvement over models (2) 
and (3), in that the adjustments (a,-, — ~ “i.i-i) (analogous 

to ratio fy,Z,]/[F,Z*] in fig. 1) depend explicitly up)on AiV„ the fixed 
coefficients render it inadequate for most investors, except for ex¬ 
tremely short time periods. In particular, assuming that investors always 
allocate new cash flows in fixed proportions, regardless of market yields 
and other variables relevant to portfolio behavior, is in some sense more 
restrictive than assuming no distinction at all between allocation of the 
new cash flow and reallocation of existing holdings. Furthermore, only 
by chance will a growing portfolio ever reach equilibrium if it is invested 
according to model (5), even if the desired proportional allocations 01 *, 
are constant. 

A compromise between these two restrictive approaches is a model 
which allocates the flow of new investable funds according to whatever 
proportions portfolio selection model ( 1 ) indicates are the desired equilib¬ 
rium proportions for the portfolio as a whole—that is, a model which, 
away from equilibrium, uses equilibrium total proportions to allocate at 
the margin. The “optimal marginal adjustment” model indicated by this 
specification is an analogue of model (5) which replaces that model’s 
invariant flow allocation coefficient Sf for each asset by the corresponding 
current desired proportion 

N 

^ 0i*(a** • + o^lA^„ f = 1,..., AT. ■ (6) 

k 

Such a model seems especially appropriate for investors participating in 
private securities markets, in which some level of fairly continuous 
activity maintains the flow of information about new investment oppor¬ 
tunities. Institutional investors such as insurance companies and pension 
funds, for example—which participate not only in the market for publicly 
offered debt issues but also in the markets for privately placed corporate 
debt securities, commercial mortgages, and other forms of negotiated 

‘ ’ Modigliani (1972) used a model which is similar to the optimal marginal adjustment 
model (6) but which allocates the current-period flow according to the observed previous- 
period stock allocation The optimal marginal adjustment model allocates the flow 

according to the desired equilibrium stock allocation a*. Although the two models 
appear similar, the rationale is very different. The optimal marginal adjustment model 
is a description especially relevant for institutional investors operating in markets with 
tranractions (including information) costs. Modigliani’s model, which he applied in 
particular to household demand for savings deposits, explicitly postulates a short-run 
desired allocation which differs from the (long-run) equilibrium desired allocation. 
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Fro. 2.—Portfolio adjustment model (6), two-asset case 


loans- are typically reluctant to undertake sharp negative swings in their 
new purchasing activities for long periods of time. The optimal marginal 
adjustment model also serves to approximate this type of smoothed 
behavior. 

Figure 2 illustrates the advantage of the optimal marginal adjustment 
model (6) in the two-asset case analogous to that depicted in figure 1. 
Points F,_i, Y„ and Z* are as in figure 1. The first term on the right-hand 
side of model (6) represents the reallocation of the existing wealth IF, _,. * * 
P’igure 2 depicts this reallocation as a move along the fF,_i wealth con¬ 
straint from point y,_, toward point Z*'; point Z,*' is the intersection of 
the IF,-I wealth constraint and the ray from the origin which passes 
through point Z*. Except for the special case of full adjustment (fi,, = 1 
for all i, and 6^ = 0 for k # i), this reallocation process leads not to 
f>oint Z*' itself but rather to point Z,' which lies between Z*' and F,_j 
on the lF,_i wealth constraint. The portfolio adjustment model’s On, 
coefficients determine the adjustment ratio {Y,_jZ',)j{Y,_yZ*'). If wealth 
is constant, the movement to p)oint Z/ is the only component of the 
portfolio adjustment, and model (6) reduces to model (3). 


**The variable in model (6) includes capital gains but excludes repayments, 

which become part of the-gross cash flow variable AMf,. For simplicity, the example 
shown in figure 2 assumes no repayments. As in figure 1, it also abstracts from capital 
gains by assuming constant asset prices. 
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The second term on the right-hand side of model (6) represents the 
allocation of the wealth increment A IV, according to the current desired 
proportions a*. Figure 2 depicts this allocation as a movement from 
point Z,' on the tV,^, wealth constraint to point Z, on the IV, wealth 
constraint, along a line parallel to the ray from the origin which passes 
through point Z*. Point Z, indicates the new holdings (A,„ Aj,) which 
result from portfolio adjustment model (6). In contrast to model (3) as 
illustrated in figure 1, figure 2 shows that, for given IV,.„ the symmetri¬ 
cal adjustment ratio {Y,Z,)I{Y,Z*) = (a.,, - = 

(« 2 i ~ « 2 ,»-i)/(® 2 r - ® 2 .(-i) model (6) varies positively with the 
flow A IF/’ 

Hence the optimal marginal adjustment model, without sacrificing 
either tractability or suitability for empirical application to aggregative 
data, serves the intended purpose of relaxing the restrictiveness of the 
standard stock adjustment model with respect to investors’ allocation of 
their cash flows. The model therefore leads to asset demand equations in 
which investable cash flow variables matter for short-run allocations. In 
particular, the greater the new cash flow, the faster the portfolio’s overall 
adjustment toward equilibrium allocation. Section II shows how a struc¬ 
tural model relying on asset demand equations of this form in turn renders 
flow variables determinants of the short-run variation of asset yields. 


II. The Market-clearing Structural Model 

Economists’ models of the determination of long-term interest rates have 
usually adopted a term-structure approach, according to which the value 
of a representative long-term rate of nominal interest depends upon the 
value of a representative short-term rate of nominal interest, with the 
spread between the two rates determined by some set of economic factors 
which influence the behavior of borrowers or lenders or both. Among the 
familiar factors which various writers have suggested including as de¬ 
terminants of this spread are the expected future path of the short-term 
rate of interest (usually represented by some distributed lag on past values 
of the short-term rate; see, e.g., Meiselman [1962], Malkiel [1966], and 
Modigliani and Sutch [1966]), a premium reflecting the differential 
liquidity of short- and long-term debt instruments (Hicks [1939]; Kessel 
[1971]), expected future price inflation in product markets (usually repre¬ 
sented by some distributed lag on past values of a chosen price inflation 
index; Modigliani and Shiller [1973]), and an index of current central 

As in figure 1, the symmetry of adjustments is a particular result due to the two- 
asset model. The dependence of the («„ — «i,,_i)/{«*, — ratios on AW, in 

model (6) holds for any number of assets. See n. 10 above. 
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bank monetary policy beyond interest rates themselves (e.g., the recent 
rate of growth of some monetary or reserve aggregate). ‘ * 

The prevailing empirical methodology of the term-structure approach 
has been a model consisting of a single unrestricted reduced-form equation 
with the nominal long-term interest rate as the dependent variable. The 
use of this methodology implies an acceptance of two key assumptions, 
at least as close approximations. First, it assumes that not only the short¬ 
term interest rate but also the determinants of the long/short spread are 
exogenous with respect to the actions of participants in the market for 
long-term debt securities. * ’ Second—and more important, from the 
standpoint of this paper—it assumes that the way in which participants 
in the market for long-term securities, either individually or in the 
aggregate, adjust their actions in that market in response to any or all of 
the determinants of portfolio behavior does not matter for the ex post 
outcome for the long-term interest rate. In particular, this second as¬ 
sumption implies that the quantities of long-term securities bought or 
sold, either by individual transactors or for the market in aggregate, do 
not influence the ex post outcome for the long-term interest rate. A few 
writers have suggested relaxing this second assumption somewhat by 
incorporating exogenous supplies of long-term securities as a further 
determinant of the long/short spread, but they have done so within the 
familiar unrestricted reduced-form equation methodology of the term- 
structure approach. 

The structural model of long-term interest rate determination, as 
applied in this paper, drops the second of these two assumptions and 
specifies equations directly representing the portfolio behavior of bond 
market participants. The addition of a market-clearing constraint, equa¬ 
ting the sum of the demands for long-term debt securities to the sum of 
the supplies of long-term debt securities, enables the structural model to 
determine the long-term interest rate (i.e., the own yield) which appears 
as a right-hand-side variable in each structural demand or supply 
equation.'® The resulting implicit expression for the long-term interest 


'*Sec, for example, Feldstein and Eckstein (1970). Their work is within the usual 
approach empirically, in that they estimated an unrestricted equation with the long-term 
interest rate as the dependent variable. Conceptually, however, they rejected the term- 
structure approach, omitting the short-term yield altogether and interpreting the 
estimated equation as an inverted form of money-demand function. 

” See Feldstein and Chamberlain (1973) for an unusually careful treatment of this 
issue, within the context of the single-equation reduced-form approach. 

” Feldstein and Eckstein (1970) used the stock supply of U.S. government securities 
in this way. Fair and Malkiel (1971) used “visible” flow supplies of new corporate bonds 
in reduced-form equations for spreads between yields on different types of long-term 
securities; the determination of long-term yield spreads in this way is a corollary to the 
determination of the long/short spread in the term-structure approach. 

‘ • Silber (1970) and Hendershott and Lemmon (1973) have also applied this approach. 
Bosworth and Duesenberry (1973) used this approach conceptually, but not in their 
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rate is a kind of reduced-form equation (it may be nonlinear) which is 
restricted by the associated structural supply and demand equations. 

Hence the key methodological difference between the structural 
approach and the familiar term-structure approach to modeling long¬ 
term interest rate determination is essentially equivalent to the distinction 
between restricted and unrestricted estimation. The principal advantage of 
the structural approach is its ability to use the underlying theory of port¬ 
folio behavior to constrain the implied equation for the long-term interest 
rate, which in turn facilitates directly testing hypotheses about portfolio 
behavior. The structural approach imposes upon the researcher the 
discipline of having to acknowledge explicitly that any factor hypothesized 
to influence the bond yield can do so only by influencing some issuer’s 
supply of bonds or some investor’s demand for bonds (or both). To the 
extent that less-than-infinite elasticities of substitution create “preferred 
habitats” which render quantity variables relevant, for example, or to 
the extent that less-than-infinite adjustment speeds render quantity flow 
variables relevant as well as quantity stock variables, in the structural 
model such factors can influence the determination of the long-term 
interest rate only by influencing the behavior of borrowers and lenders. 

Since the long-term interest rate is clearly a jointly determined variable 
in this model, along with the demand and supply variables, it is necessary 
to use estimation techniques which avoid inconsistencies to which ordinary 
least-squares procedures would be subject because of the nature of the 
model’s simultaneity. The empirical work described in Section IV below 
focuses entirely on the investor side of the corporate bond market, while 
Friedman (1976) develops an analogous treatment of bond issuers. The 
simulation results presented in Section V are derived from a simulation 
of the bond demand model alone, with bond supply taken as exogenous, 
and also from a separate simulation of the combined model of bond 
demand and bond supply. 

The particular long-term interest rate to be determined in this model is 
the observed new-issue yield on long-term bonds issued by utility com¬ 
panies rated Aa by Moody’s Investors Service, Inc. Aa-rated utility 
bonds provide the greatest continuity, in terms of the frequency of new 
issues; they are also most representative of new-issue activity in the U.S. 
corporate bond market. Previous studies of long-term interest rate de¬ 
termination using the term-structure approach have relied on indexes of 
yields either on new issues or seasoned issues, but the new-issue yield is 
likely to be superior for several retisons. First, trading in the corporate 
bond market involves either new issues or recent issues to a far greater 


empirical work; instead, for each asset, they typically dropped one sector’s demand 
equation and estimated an unrestricted equation with the asset’s yield as the dependent 
variable and the omitted sector’s demand as an independent variable. 
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extent than seasoned issues, and quoted price movements among seasoned 
issues are often just a reflection of what is happening in the new-issuc 
market. Second, because of thin trading markets, problems of measure¬ 
ment are considerably smaller for new issues than for seasoned issues. 
Third, Modigliani and Shiller (1974) have shown that differences in 
coupon rates between current new issues and the issues used in construct¬ 
ing seasoned yield indexes introduce a form of bias into the seasoned 
yield index itself. 

The structural equations presented in Section IV represent investors’ 
demands for long-term corporate bonds. These equations follow the 
optimal marginal adjustment model of portfolio behavior developed in 
Section I in their treatment of financial flow variables. In addition, by 
disaggregating demand according to six major categories of corporate 
bond investors, these equations permit the various investing sectors’ cash 
flows to exert differential effects on the determination of the long-term 
yield. The six categories of investors treated as endogenous in this model 
are (1) life insurance companies, (2) other insurance companies, (3) 
private pension funds, (4) state and local government retirement funds, 
(5) mutual savings banks, and (6) households.^® As of the end of 1974, 
as table 1 shows, these investors held approximately 94 percent of all 
outstanding long-term corporate bonds issued in the United States. The 
model treats as exogenous all other investors’ demands for long-term 
corporate bonds. 

The portfolio behavior model developed in Section I deals with a single 
investor’s, or investor category’s, demands for all assets (or liabilities) in 
the markets for which the investor participates. By contrast, the structural 
model used in this paper focuses on one asset (long-term corporate bonds) 
and includes behavioral equations describing the demand for that single 
asset by each major category of investors participating in that particular 
market. Hence each of the six structural demand equations is implicitly 
an element of a set of demand equations which satisfy the “adding-up” 
constraints specified in Section 1. 

As Ladenson (1971) and Smith (1975) have shown, however, it is not 
necessary to use constrained esdmation techniques to guarantee that the 
parameter estimates of the full set of demand equations for any investor 
category satisfy the “adding-up” constraints, and so there is no in¬ 
consistency involved in estimating only one demand equation, rather 
than the entire set, for each category of investors. In principle, however, 
a full model including all investors and all markets (i.c., all assets) would 
be preferable for two reasons. First, it would render all yields—not just 
the own-yield on the one asset under consideration—jointly determined 

The household sector consists primarily of individuals but also includes nonprofit 
organizations and bank-managed personal trusts. 
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TABLE 1 

DuTRiBxniON OP U.S. Corporate Bond Holdings 


Bonds Held By: 


Life insurance companies* . 

State and local government retirement funds* 

Households* . 

Private pension funds* . 

Mutual savings banks* . 

Other insurance companies* . 

Commercial banks. 

Mutual funds. 

Foreign investors . 

Brokers and dealers . 

Total. 


Amount 


Billions) 

Percentage 

97.9 

34.1 

57.8 

20.1 

54.5 

19.0 

34.5 

12.0 

14.1 

4.9 

11.0 

3.8 

7.3 

2.5 

3.8 

1.3 

3.5 

1.2 

2.7 

0.9 


287.1 100.0 


Note.—D etail may not add to total because of roundinjr; all data are at par value except foreign; groups 
marked by asterisk are endogenous in model. 


variables. Second, it would permit the researcher to adopt the philosophy 
as well as the mechanics of Brainard and Tobin (1968) by examining the 
implications for other asset demand equations of the presence of a given 
variable in any one asset demand equation. Nevertheless, the construction 
of such a full model lies beyond the scope of this paper. ^ ‘ 


III. Estimation Procedures and Data 

Before proceeding to the empirical results in Section IV, it is worthwhile 
to comment briefly on both the estimation procedures and the data used. 


Estimation Procedures 

The long-term corporate bond demand equation estimated for each of 
the six categories of investors combines the linear homogeneous selection 
model and the optimal marginal adjustment model, as developed in 
Section I, To see the implications of the combination of selection model 

** For examples of efforts toward building such a full model, see Bosworth and 
Duesenberry (1973), Hendershott and Lemmon (1973), Smith and Brainard (1974), 
Ando and Klein (1975), and Fromm and Sinai (1975). 

** Especially for those categories of investors which are not heavily involved in 
private placement markets, preliminary experiments also used an alternative portfolio 
adjustment model of the form 

* / AH' \ 

=* I (flu + -~J (a* - I = 1,. .., AT, (6') 

where the 4tk coefficient* satufy the same constraint which applies to the flu coefficients 
in model (3). This adjustment model, which also allows the flow to influence the 
portfolio allocation but does so in a more general way than model (6), uniformly led to 
satisfactory empirical results than those obtained using the optimal nuntiiial adiust- 
ment model (6). 
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It 

following way: 


A^i, — Ttj - AH', + (^jt' 

+ -ti,-AIV, + (A, • 0 , 1 ) j • r,-, • M/,., 


' ^ki ' ^IV, + 1 

^ i^jk ■ ^tj) 

- J 

■h,- 

|v,, ■ • AW, + 

(fklt ■ ^Ik) 

. k 






( 7 ) 


'I'he flow AIV, and lagged wealth stock IV, enter equation (7) linearly, 
but in neither case is the coefficient sign known a priori; Tt) is simply the 
constant term corresponding to asset A, in selection model (1), and tt*, 
k ^ (, are the analogous constant terms in the selection model equations 
for other assets ^ ^ The own yield r„ enters equation (7) twice, 
in nonlinear form both times. The coefficient of the (ri,-AlV,) term is 
> 0, but the coefficient of the (r„ • IV,.,) term is a sum of coefficients 
which is of unknown sign a priori.^'* The yields on alternative assets 
r^„ k ^ !, also enter equation (7) twice, in nonlinear form both times. 
Once again, the coefficient of each (r*, • A W,) term, for k # i, is < 0, 
but the coefficient of each (r^, • IV,.,) term is a sum of coefficients which 
is of unknown sign a priori. Each nonyield variable X,, also enters in a 
precisely analogous way. Finally, the lagged own stock A, enters 
linearly with coefficient —0,, < 0, and the lagged stocks of competing 
assets A^ k # i, enter linearly with coefficients of unknown sign.^’ 


This feature of the model is in sharp contrast to the work of Bosworth and Duesen- 
berry (1973) and Hendershott and Lemmon (1973) who, without explicitly developing 
the underlying portfolio adjustment model, emphasized the linear appearance of cash 
flow variables. A consequence of the optimal marginal adjustment model is that it is the 
nonlinear terms, with cash flow multiplied by another variable, which matter. The cash 
flow or lagged wealth stock in linear form could just as well have zero coefficient, as 
many do in the estimation results presented in Section IV. 

** The indetcrminancy of 5^, is due to the unknown signs of fl,*, k ^ i, since 

p„ > 0 and presumably < 0, k # 1 . Although an intuitive guess is 8,^ < 0, k / t 
(which would then render the sum unambiguously positive), there is no reason to presume 
8n < 0,k ft i, since «,* > itselfimplies a*, ^ a,,,., for at least some ^ / i. Hence 
the adjustment coefficients 8^, k ^ i, are of unknown sign. I am grateful to William 
Brainard, Gary Smith, and James Tobin for an illuminating discussion of this point. 

See n. 24 above. 
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TABLE 2 

Prinoipal Assets for Six Investor Categories 


Percentage of Total 

Category and Assets Financial Assets 


Life insurance companies; 

Corporate bonds . 38.3 

Commercial mortgages . 25.0 

Equities. 8.7 

Residential mortgages. 8.8 

Subtotal. 80.8 

Other insurance companies; 

Corporate bonds. 16.1 

Municipal bonds . 47.1 

Equities. 18.3 

U.S. government securities. 5.4 

Subtotal. 86.9 

Private pension funds; 

Corporate bonds. 29.1 

Equities. 55.6 

U.S. government securities. 4.6 

Subtotal. 89.3 

State and local government retirement funds; 

Corporate bonds. 61.6 

Equities. 23.5 

U.S. government securities. 5.6 

Subtotal. 90,7 

Mutual savings banks; 

Corporate bonds. ] 2.8 

Residential mortgages. 40^7 

Commercial mortgages. 27.7 

U.S. government securities. 

Subtotal. 87.5 

Households; 

Corporate bonds. 2,5 

Liquid assets. 45 4 

Demand deposits and currency. 8.0 

Time deposits and savings accounts. 31.9 

U.S. government securities. 5 5 

Equities. 24 0 

Municipal bonds. 2 8 

Subtotal. yij y 


Most of the six investor categories examined here hold at least some 
amounts of a large number of different types of assets. For each category, 
the procedure used in estimation was to select the few assets which, along 
with corporate bonds, comprise the major elements in the investors’ 
portfolios. Table 2 lists such likely asset groups for each of the 
six investor categories and shows the percentage of the sector’s total 
financial portfolio for which each asset accounted as of year-end 1974. As 
the discussion in Section I notes,** equation (7) is not identifiable in the 


See especially n. 12.abovc. 
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form including not only and but also for all k ^ i. 

The procedure used to deal with this problem was to estimate each 
equation once including W,^, and A, only (thereby implicitly im¬ 
posing the constraint that the cross-adjustment coefficients Ou^ are identical 
for all k ^ i) \ once including Aj and all A^ ,.i, k i, but excluding 
1T,_,; and then including A, and for only some subset 

of A: ^ i. Final selection among these alternative constrained subspeciiica- 
tions depended on goodness of fit and statistical properties. With respect 
to the yields, the analogous procedure used was to include only some 
subset of yields rj, on alternative assets k # t. 

As the discussion in Section II emphasizes, it is necessary to use some 
form of consistent estimation procedure to avoid simultaneity problems 
due to the joint determination of the own yield on long-term corporate 
bonds and the demand variables which are the dependent variables in 
the six separate equations of form (7). As is typically the case in multi¬ 
equation models, it is impossible to apply the two-stage least-squares 
method directly because there are too many exogenous variables to 
permit ordinary least-squares estimation of the system’s reduced form, 
as this method requires. The procedure used here follows Brundy and 
Jorgenson (1971) in using as instrumental variables not only the leading 
principal components of the full-system set of exogenous variables but 
also, on an equation-by-equation basis, the single-equation sets of exo¬ 
genous variables themselves. 

A final issue in estimation procedure is the question of an intercept 
term, fiquation (7) has no such term, but it is probably accurate to 
consider the portfolio behavior model developed in Section I as a linear 
approximation to a more complex behavioral pattern, and an intercept 
may follow from linearization. The procedure used was to include or 
exclude an intercept in each demand equation according to the /-statistic. 


Data 

The primary data source for the stock and flow quantities used in this 
model is the Board of Governors of the Federal Reserve System’s flow-of- 
funds accounts (1973, and subsequently). The sample period consists of 
56 quarterly observations beginning in 1960:1 and ending in 1973:IV. 

The bond demand variables—Ai4j, in equation (7)—are the net 
purchases of corporate bonds during the quarter, seasonally adjusted, for 
each of the six investor categories. 

The wealth flow variables—AIV, in equation (7)—are the net ac¬ 
quisitions of financial assets, seasonally adjusted, for four investor cat¬ 
egories: non-life insurance companies, private pension funds, state and 
local government retirement funds, and mutual savings banks. For life 
insurance companies, A IF, is the net acquisition of financial assets. 
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seasonally adjusted, less net policy loans; the reason for the subtraction 
is that policy loans are exogenous to the portfolio behavior of life in¬ 
surance companies, which have available for investment only that portion 
of their cash flow which is left after policy loans. For households, A fV, is 
the net acquisition of financial assets, seasonally adjusted, plus the capital 
gains portions of pension fund and life insurance reserves. 

Since the “ne^ acquisitions of financial assets” concept excludes capital 
gains, defining the six A IV, variables on this basis effectively imposes on 
the portfolio model a part of the Brainard-Tobin assumption discussed in 
connection with model (5) in Section I. In particular, it assumes that 
investors do not respond within the current quarter to shifts of their 
portfolios due to capital gains. It is also important to point out that the 
“net acquisitions of financial assets” concept differs from the AIV, flow 
variable discussed in Section I precisely because it is “net.” As the discus¬ 
sion in Section I explains, the relevant flow concept should include 
repayments. Nevertheless, gross cash flow data are simply unavailable for 
most categories of investors. 

The asset stock variables A„„ for all six investor categories, are con¬ 
structed by decrementing backward from the end-of-year stocks for 1973, 
using seasonally adjusted quarterly flows.For those assets for which the 
flow-of-funds data incorporate market valuation changes, however, the 
procedure used was to separate the total quarterly flows into net purchases 
and market valuation components and to use the latter without seasonal 
adjustment.^’ The total wealth variables IV, are constructed analogously 
to the asset slock variables for all six sectors. 


rV. Estimation Results 

The equations listed below are the results of estimating equation (7) for 
each of the six major categories of corporate bond investors. The depen¬ 
dent variable is in each case denominated in millions of dollars. The 
numbers in parentheses are ratios of estimated values to standard errors 
for each coefficient; because of the estimation procedure used, these ratios 
are asymptotically distributed as t-statistics but are not necessarily dis¬ 
tributed as t-statistics in small samples. The is the coefficient of 
determination adjusted for degrees of freedom, SE is the standard error 
of estimate, and D-W is the Durbin-Watson statistic. The variable symbols 


See nn. 12 and 14; see also n. 29 below. 

** The object of this procedure is to generate series of seasonally adjusted end-of- 
quarter stocks without any gaps or inconsistencies due to splicing of data series. The 
Federal Reserve System does not construct such series. 

In principle the data should reflect market valuation adjustments for all assets. 
The flow-of-funds series used here incorporate such adjustments only for equities and for 
corporate bonds issued by foreigners. 
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listed below are consistent for all six equations, with letter superscripts 
indicating distinctions among corresponding variables for different in¬ 
vestor categories. An asterisk superscript indicates terms for which the 
equation is estimated using fitted values of the variable from the first 
stage of the instrumental variables procedure.^® 

CB = holdings of long-term corporate bonds ; 

CM = holdings of commercial mortgages; 

EQ = holdings of equities; 

LA = holdings of liquid assets; 

MB = holdings of municipal bonds; 

RM = holdings of residential mortgages; 

US = holdings of federal government securities; 

= corporate bond yield (Moody’s Aa new utility issues); 

= commercial mortgage yield (ALIA series); 

Tf-f = commercial paper yield (prime 4—6-month paj>er); 
tgQ = equity yield (Standard and Poor’s earnings/price ratio); 

^MB — municipal bond yield (Moody’s Aaa); 

'■rm = residential mortgage yield (new FHA insured loans); 

Tj-g = Treasury bill yield (3-month bills); 

X^ = lagged one-period percentage change of common stock prices 
(Standard and Poor’s index); 

A'j = four-quarter moving average of ; 

^3 = lagged eight-quarter moving average percentage change of the 
consumer price index; 

X^ — lagged one-period percentage change of 
1. Life insurance companies:^' 

ACBl- = -3354 - 1.177 A -I- 0.1465 + 0.4550 (rcj, , ■ AIF,^)* 

(-3.9) (-1.7) (3.5) (3.6) 

- 0.003119 (rcB,,- - 0.2624 AIF,^ 

(-2.5) (-3.4) 

- 0.008453 'AfF/- - 0.1491 - 0.1638 CM/ij. 

(-2.5) ' (-1.9) (-3.7) 

= .80 SE = 213 D-W = 1.56 

Because of the nonlinear way in which yield variables enter the model, as illustrated 
in equation (7), all such terms are products. The correct instrument to use in each such 
case, for purposes of deriving consistent estimators, is the first-stage fitted value of the 
entire product; this procedure is used here. 

** The life insurance company equation also includes two dummy variables. The first 
dummy has unit value in I969:IV and zero value in all other quarters; the flow-of-funds 
data show negative net purchases of corporate bonds by life insurance companies in this 
quarter (the only negative value for this series since these data began in 1953). The 
second dummy has unit value in 1973:1 and zero value in all other quartets; the flow-of- 
fiinds data show an isolated, sharp one-quarter drop in net purchases of corporate bonds 
in this quarter. 
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2. Other insurance companies:*^ 

^CB° = 1696 WTRf + 0.1401 (rcj,.,' A * - 0.1318 ■ A 

(12.0) (2.5) ’ (-1.8) 

- 0.02259 A'j , • ah;® - 0.1390 Cfi®_, - 0.06440 US°.i 

(-7.2) ' (-5.3) (-4.9) 

- 0.1590 
(-15.8) 

= .92 SE = 66 D-W = 1.41 

3. Private pension funds 

AC 8 f = 0.2407 W!‘.^ + 0.1546 (rca AH;^* - 0.7157 ^ 3 ,, • AH'/* 
(3.3) (6.5) ■ (-4.6) 

- 0.3730 + 0.2146 - 0.2493 

(-3.5) (3.6) (-3.4) 

R^ = .67 SE = 198 D-W = 2.32 

4. State and local government retirement funds; 

AC^f = -1674 + 0.1144 H;®_, + 0.09882 (tear AH;®)* 

(-2.6) (2.3) (4.7) 

- 0.4678 X3^, ■ ah;® - 0.01467 A '4 , • AH',® - 0.1450 CBf.^ 

(-3.9) ' (-3.9) ■ (-2.0) 

-f 0.1098 f/5,®.i. 

(2.9) 

R^ = .83 SE = 156 D-W = 1.85 

5. Mutual savings banks; 

ACfi," = 3819 -(- 0.1411 (tea, •AH,*')* - 0.09626 ,• A H," 

(3.6) (6.5) ■ (-3.2) 

+ 0.001588 rjg , • H,", - 0.002791 tcM , ’ H;" 1 
(2.2) ' (-2.7) 

- 0.1219 CB^L^ - 0.3465 f/5,", - 0.1690 /fAf,", 

(-3.6) (-3.6) (-2.9) 

4- 0.3024 CAf,",. 

(2.7) 

= .89 SE = 134 D-W = 2.12 


** variable 1VTJ!9 is the trend component of the usual wealth variable W°. The 
other insurance company equation also includes a dummy variable with unit value in 
1973:11 and zero vali^ in ail other quarters; the flow-of-funds data show an isolated 
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6 . Households; 

ACfi," = 0.03139 (rcB., -+ 0.0003370 (rcj,., • 

(4.4) (3.5) 

- 0.02203 , • AIV," - 0.01628 ’ AW^« - 0.1167 CBf_, 

(-1.6) ' (-3.5) (-7.1) 

+ 0.008501 1 - 0.006204 EQjLi. 

(2.2) (-3.9) 

= .79 SE = 496 D-W = 2.34 

In all six equations the results provide supptort for the optimal marginal 
adjustment model of portfolio behavior developed in Sections I and III. 
First, in all six equations the combined own yield and flow term 
(tcB I ■ Afi'’,) has a coefficient which is significantly different from 
zero, with the expected positive sign, at the 1 percent confidence level. 
The operational significance of this multiplicative term, which emerges 
from the combination of portfolio selection model (1) and portfolio 
adjustment model (6), is that the responsiveness of investors’ bond pur¬ 
chases ACB, to movements in the bond yield —that is, the partial 

derivative of ACB, with respect to Tcb.i —depends positively on the 
current-quarter How variable A IF',. For non-life insurance companies, 
private pension funds, state and local government retirement funds, and 
mutual savings banks, the (r^g,, • AH',) term is the only appearance of 
the current value of the own yield in the bond demand equation. For 
life insurance companies and households, the term (tcii.t ‘ 
appears in the demand equation, with negative sign and positive sign, 
respectively. 

For all five investor categories other than households, one aspect of 
these results may at first seem puzzling. Does the absence of the 
(rca.i' ^r-i) term in the equations for four investor categories indicate 
that these investors’ bond purchases are totally unresponsive to the own 
yield if the wealth flow is zero? Does the negative coefficient of the 
(tcB.f ■ i) term in the life insurance company equation indicate that 
these companies’ bond purcheises respond negatively to the own yield 
if the wealth flow is less than a specific fraction of the existing stock of 
wealth? The answer to both questions is probably that it is not reasonable 
to extrapolate the results of estimating a model too far beyond the ob- 


one-quarter shift to positive net purchases of corporate bonds by other insurance com¬ 
panies in this quarter, just in the midst of a sustained period of negative net purchases. 

The private pension fund equation also includes a dummy variable with unit value 
in 1971 :IV and zero value in all other quarters; the flow-of-iunds data show an isolated 
one-quarter shift to positive net purchases of corporate bonds by private pension funds 
in this quarter, just in the midst of a sustained period of negative purchases. 
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served range of the data variables. For life insurance companies, for 
example, the estimated partial derivative of with respect to ,— 

that is, the value (0.4550 AIV/' - 0.003119 is positive, given the 

actual values of A14",'' and for all 56 quarters of the sample period. 

All six estimated equations also conform to the portfolio behavior 
model developed in Sections I and III in that the lagged own-stock term 
CB, _, in each case has a coefficient — which is significantly different 
from zero, with the expected negative sign, at the 5 percent confidence 
level. In addition, the own-stock adjustment coefficients are probably of 
reasonable magnitude for a quarterly model, indicating that private 
pension funds (which typically manage their portfolios actively and also 
invest primarily in publicly traded securities) adjust their bond holdings 
significantly more rapidly than either households or the other four 
categories of institutional investors. 

The remaining aspects of the empirical results require little comment 
here. The $496 million standard error for households is by far the largest 
among the six estimated demand equations, but this result is not surprising 
in light of the high variance of the data for this sector which is a residual 
element of the flow-of-funds accounts. The few nonyield variables, 
h = 1, ..., 4, represent a minimal allowance for some of the more 
important expectational variables which influence investors’ behavior in 
the corporate bond market; more thorough investigation of these in¬ 
fluences remains as an object of further research. 

Slips 

V. Simulation Results —. ^ ^ I 

As the discussion of Section IV indicates, the empiricaPre^ltsTor The six 
bond demand equations provide support for the hypotheses embodied in 
the underlying optimal marginal adjustment model of portfolio behavior, 
including the role of financial flow variables in influencing short-term 
portfolio adjustments. It remains to examine the performance of the 
structural model as a whole in explaining short-run movements in the 
model’s jointly determined variable—the long-term bond yield itself. 

Figure 3 and Part A of table 3 present simulation results for the seven- 
equation structural model consisting of the six demand-for-bonds equa¬ 
tions presented in Section IV and the market-clearing identity 


ACfi,' 4 - ACfi,® + iiCB' + ^CBf + ^CB^ + AC^," -I- ACBf^‘> 


= ACBf^', 


( 8 ) 


where ACBf*^ is the net purchiiscs of corporate bonds by investors taken 
to be exogmous, and is the (exogenous) total net supply of bonds 

by all issuers. The simulation period is 1960:1-1973:IV. This simulation 
is fully dynamic in that, after the first quarter of the simulation pteriod. 
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Fio, 3.—Dynamic simulation results for Aa utility new issue yield 


the solution uses internally generated values for the lagged own-stock 
variables CB,_i in all six equations (as well as internally generated values 
of 'ce.t-z variable ^4 ,),*''' 

Part A of table 3 shows the mean and root-mean-square simulation 
errors for the Aa new-issue utility bond yield Tgg and the six net bond 
purchases variables ACB. Figure 3 plots the actual values of r^g against 
the simulated values. These simulation results show no significant bias 
for any of the seven endogenous variables. For the six bond purchases 
variables, the root-mean-square errors are about in line with the standard 
errors of the estimated equations, indicating that the errors made by 
individual equations have no observable tendency to compound one 
another in a dynamic context. For the bond yield itself, the 0.27 percent 
root-rnean-square error is about comparable to the fit achieved by other 
researchers using the reduced-form term-structure approach.^’ This 

To provide at least some limited precaution against the multiple solution problem 
in simulations of systems of nonlinear simultaneous equations (see Friedman [1971]), the 
simulations reported here were performed several times with various orderings of the 
individual equations; the results were unchanged. 

” Modigliani and Shiller’s (1973) preferred equation had SE = .13 percent for the 
less volatile Aaa yield over the sample period 1955:111-1971:11. Reestimating the 
Modigliani-Shiller equation using the Aa yield and the 1960:I-I973;IV sample period 
leads to an equation with SE = .22 percent but with the coefBcients of the distributed 
lag on the short-term yield not significantly different from zero. Feldstein and Eckstein’s 
(1970) preferred equation had SE = .09 percent for the Aaa yield over the sample 
period 1954:1-1969:11. Reestimating the Fddstein-Eclutcin equation using the Aa yield 
and the 1960:I-1973:IV sample period leads to an equation with SE ■» .29 percent. 
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TABLE 3 

Dynamic Simulation Results for 1960:I-1973:IV 
A. Seven-Eq^uatxon Structural Model with Bond Supply ExooBNom 


Variable 

Mean Error 

Root-Mean-Sqhare Error 


. 0.01 

0.27 

. 

. -1.4 

165 

ACE". 

. 0.1 

60 

ACfl". 

. 1.3 

202 

ACE*. 

. 0.1 

192 

ACE". 

. -0.6 

125 

ACE". 

. 0.4 

332 

B. Nine-Equation Structural Model with Bond Supply Endogenous 

Variable 

Mean Error 

Root-Mean-Square Error 

*'CB. 

. -0.01 

0.21 

ACE*- . 

. 1.0 

181 

ACE" . 

. 0.4 

64 

ACE" . 

. 1.0 

213 

ACE* . 

1.9 

156 

ACE" . 

0.9 

127 

ACE". 

. 1.8 

423 

ACE" . 

. 13.2 

405 

ACE" . 

. -6.2 

197 


Note.— in percent, all ^CB in S million. 


within-sample performance seems quite creditable, especially since the 
methodology of the structural model does not estimate an unrestricted 
equation directly for the bond yield but, instead, implies an equation for 
the bond yield which is restricted by the underlying structural hypotheses 
about portfolio behavior.^* In addition, since the focus of this paper is 
the role of financial flow variables in portfolio behavior, the six estimated 
demand equations exclude elaborate distributed-lag representations of 
holding-period yield expectations as well as some nonyield explanatory 
variables suggested in Friedman (1974). 

As is clear from close inspection of figure 3, the simulated values of the 
bond yield track the actual values more closely in the second half of the 
period (RMSE = 0.23 percent for 1967 •.1-1973-.IV) than during the first 


Feldstein and Chamberlain’s (1973) preferred equation had SE = .21 percent for the 
Aaa yield over the sample period 1954:1-1971:1. 

* This point is especially relevant to the presence of other long-term yields in the 
esu^ted bond demand equations for several investor groups. Including other long-term 
^elds as independent variables in an unrestricted equation with the bond yield as 
ependent variable would presumably increase greatly such an equation’s fit but, in so 
a<^ would in part incorporate spurious correlations. In the context of the structural 
■ n. ’ . contribution of other long-term yields is restricted to their role in 

inihiencing the net purchases variables. 
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half (RMSE = 0.31 percent for 1960:I-1966:IV); the appropriate test 
based on the F-statistic (F = 1.71) indicates that this difference is sig- 
nificant at the 10 percent confidence level but not at the 5 percent 
confidence level. Given the “inverted” nature of the system of equations 
solving for the bond yield, the difference may be due to the greater 
volatility of the bond yield in more recent years. If so, the ability to track 
well during periods of greater yield volatility is an attractive feature trf 
the structural model. 

Because it takes the total bond supply to be exogenous, this simulation 
of the seven-equation model cannot capture the supply-demand inter¬ 
action of a full structural model of the market determination of long-term 
interest rates. Part B of table 3 presents results for an analogous simulation 
of the nine-equation structural model consisting of the six demand-for- 
bonds equations presented in Section IV, the two supply-of-bonds 
equations presented in Friedman (1976), and the market-clearing 
identity 

ACBf + ACFp + ACBf + ACBf + ACBf + ACB" + ACB“® 

(9) 

= ACRf' -f- ACFf -I- ACFf**, 

where the right-hand-side variables are the net supplies of bonds by (in 
order) nonfinancial business corporations, finance companies, and issuers 
taken to be exogenous.^® 

As the error mean and root-mean-square in Part B of table 3 show, 
the nine-equation structural model with endogenous bond supplies out- 
fjcrforms the seven-equation model in its ability to track the historical 
movements of the own yield on long-term bonds. There is no significant 
bias, and the 0.21 percent root-mean-squarc error seems most creditable. ^ ’ 
For the eight bond purchases and issues variables, a small (but not 
significant) upward bias in net issues by nonfinancial coiporations leads 
to a small (again not significant) downward bias in net issues by finance 
companies and even smaller uniformly positive upward biases in net 
purchases by all six investor groups. 

Either by themselves or in conjunction with equations for bond supply, 
therefore, the six demand-fbr-bonds equations presented in Section IV 
form the basis of a structural model of long-term interest rate determina¬ 
tion which jjerforms well in dynamic simulation tests. 

’ ’ The six demand-for-bonds equations actually used in this simulation were 
reestimated to allow for the change in the model’s set of exogenous variables. The 
reestimated coefficients differed very Utde from thoie reported in Section IV. 

As of the end of 1974, nonfinancial business cixrporations and finance companies, 
the two endogenous categories of bond issuers, together accounted Ibr over 91 percent 
of all outstanding corporate bonds issued in the United States. 

See again the comparisons in n, 33 above. 



DETERMINATION OF INTEREST RATES 

VL ConcluEions 


687 


Two principal conclusions emerge from the empirical work presented in 
this paper. 

First, the individual-equation estimation results support the “optimal 
marginal adjustment” model of investors’ portfolio behavior in the 
presence of transactions costs which are greater for the reallocation of 
existing asset holdings than for the initial allocation of new wealth 
increments. In particular, they support the hypothesis, which underlies 
the optimal marginal adjustment model, that investablc cash flow vari¬ 
ables are a signifleant determinant of investors’ short-run asset demands 
and hence of asset yields as well. 

Second, on a methodological level, the full-model dynamic simulation 
results support the use of a structural model of the determination of long¬ 
term interest rates. The implied expression for the long-term bond yield, 
which is restricted by the estimated structural demand and supply 
equations, fits the data about as well as do previously developed un¬ 
restricted reduced-form term-structure equations. The six investor cat¬ 
egories’ demand-for-bonds equations perform about as well in dynamic 
simulations as in individual-equation tests. Given the advantage of a 
framework consisting of structurally specified demand and supply 
equations for testing explicit hypotheses about portfolio behavior, there¬ 
fore, further research on structural models of long-term interest rate 
determination appears warranted on the basis of these full-model results. 
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The Demand for Quality-adjusted Cash 
Balances: Price Uncertainty in the U.S. 
Demand for Money Function 


Benjamin Klein 

University of Chicago Law School and University of California, Las Angeles 


This paper investigates the importance of uncertainty regarding the rate 
of price change as an argument in the long-run money demand function. 
Increased inflation uncertainty is assumed to lower the stream of mon¬ 
etary services yielded by a given level of real cash balances. The effects on 
money demand of such changes in the “quality” of money are, in general, 
theoretically indeterminate. If it is assumed, however, that the monetary 
service flow is proportional to the real money stock and that the demand 
for money is interest inelastic, then the predicted relationship between 
price uncertainty and money demand is unambiguously positive. The 
empirical findings of this paper, where price uncertainty is operationally 
measured by the variability of the rate of price change, strongly confirm 
this positive relationship. These results have important implications 
for the theory of inflation, the optimum quantity of money, and the 
potential government tax revenue from money creation. 


Most empirical work on the demand for money function has cither 
implicitly or explicitly considered money to be a durable good yielding 
an unspecified flow of utility-providing services. The demand for money 
is thus a stock demand derived from a flow demand, and its treatment in 
theoretical and empirical studies should be no different from the treat¬ 
ment given to the demand for other producer and consumer durables. 
It is puzzling, then, that while empirical studies of the demand for other 

I am indebted to Jack Carr, Michael Darby, Jacob Frenkel, Milton Friedman, Thomas 
Heagy, Rob Kolson, Roger Kormendi, Laura LaHaye, Sean Mooney, Anna Schwartz, 
and participants at money workshops at UCLA and the University of Chicago for useful 
comments. Extremely able research assistance was provided by Laura LaHaye. An 
earlier draft of this paper was written while I was a Research Fellow at the National 
Bureau of Economic Research during 1971-72. I am also grateful to the Foundation for 
Research in Economics and Education and to the program in Law and Economics at 
the University of Chicago Law School for research support. 
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durable goods have explicitly defined the quantity of the stock in terms of 
the service flow (see, for example, Harberger 1960) no attempt has yet 
been made to standardize the money stock in terms of its monetary 
service flow other than to deflate the nominal stock by the price level. 
Clearly, there are other factors which affect this stock-flow relationship. 
It is the purpose of this paper to investigate the empirical importance 
of changes in the “quality” of cash balances where quality is defined as 
the flow of monetary services yielded per real dollar. In general, time- 
series studies of the demand for money have implicitly assumed this 
quality to remain unchanged so that, for example, a real dollar in 1870 is 
assumed to be equivalent in terms of monetary services to a real dollar 
in 1970. 

In this paper, the quality of a given level of real money holdings is 
simply assumed to be positively related to the level of price predictability. 
'I’o explain precisely why this is true requires a consideration of the exact 
role of money in an exchange economy; an extended discussion of this 
important issue, however, is beyond the scope of this paper. In Section I, 
the theory is presented, and the demand for money is considered similarly 
to the demand for any productive input. In Section II, quality is oper¬ 
ationally defined in terms of price variability. This variable is shown to 
enter the U.S. demand for money function positively over the last century 
and to provide a possible explanation for the sharp 1967-71 break in the 
postwar growth of velocity. These results, however, are suspect because of 
the presence of first-order serial correlation in the residuals. In Section III, 
therefore, a time-series analysis of the relationship is presented. The 
results indicate that, after correcting for the serial correlation, price 
variability enters the demand for money function positively and sig¬ 
nificantly. Finally, Section IV presents implications of these results for 
monetary theory. 


I. Theory 

Let N be the flow of monetary services an individual derives per unit time 
from his holdings of real cash balances, and let the relationship between 
the stock and the flow be represented by 

N = N{MIP, P) (1) 

where MjP is his stock of real cash balances and P is a shift variable 
representing its quality. ‘ Equation (1) can be viewed as the representative 

* To avoid misunderstanding I should explicitly note that the meaning of “quality” 
in this paper is different from its meaning in my article, “The Competitive Supply of 
Money” (19744). There quality was defined to be negatively related to the (mean) 
anticipated inflation rate in terms of the money. This should be thought of as the antic¬ 
ipated quality of a nominal unit of money. On the other hand, fi refers to the quality of a 
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individual’s production function for monetary services with MjP and P 
assumed to have declining marginal productivities. ^ 

In a recent article (1974a) I define “the price of money,” (or the 
rental price of the monetary service stream from a dollar of money), by 
i — Tfg, the marginal pecuniary alternative cost per unit time of holding 
a dollar of money where i is the return on an asset yielding no monetary 
service and is the pecuniary return on money. In equilibrium, Pfg will 
equal the value of the monetary services from a marginal dollar of money, 
or 

•Pm = (* — ■ P/v (^) 

where is the marginal productivity of money in terms of monetary 
services and Pn is the price of monetary services. From my simple model, 
the individual’s desired monetary service stream can be derived as a 
function of y^,, the real permanent income or wealth constraint of the 
individual and {Pf/jP), the price of a unit rate of monetary services 
relative to commodity services. Thus 

iV" =/[>,. (Pn/P)] (3) 

where {PujP), the real or relative price of monetary sendees, equals 
(* “ where dN^jdyp > 0 and dN'‘ld{PslP) < 0. Given 

this demand ftmetion, the individual’s production function for monetary 
services then determines his derived demand for real cash balances. 

Current empirical work on the demand for money implicitly assumes 
that the monetary service flow is proportional to the real stock of cash 
balances held and that the proportionality constant does not change over 
time.* In that case, the stock of real cash balances is a perfect proxy for 
the flow of monetary services, and (» — r^,) can be used as a measure of 
the relative price of monetary services. In other words, the demand for 


real unit of money, or what I called in my earlier article the “confidence” in the future 
exchange value of the money, assumed there to be negatively related to the variance of 
the anticipated rate of change in prices. Other variables that could influence the monetary 
service flow for a given level of real cash balances include, for example, the number of 
banking offices per capita and the composition of currency denominations. 

* It is assumed here for expositional simplicity that there are no alternative sources of 
monetary services, so that the effects of shills in fi on the demand for real cash balances 
can be clearly isolated. The empirical work in this study, however, considers the return 
on a monetary substitute asset as a relevant determinant of money demand. If such a 
substitute asset is introduced into the production function, the theoretical results derived 
below are unchanged, that is, di.MIP)l80 remaiiu ambiguous. These results can be 
obtained from me upon request. 

* Since each individual demander is assumed to be a perfect competitor who takes the 
price level as given, i.e., dPldM = 0, then d { MIP)ieM - IIP and therefore AT,*, = 
^(n/n • ( 1 / 7 *). 

* For example, Friedman (1969) “interpretfs] money as a durable good held for the 
services it renders and [which yields] a flow of services proportional to the stock . ..” 

(p. 119). 
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money can be written as 

{MIPy = (i - r„)]. (4) 

This specification may be appropriate for very short-run problems, but 
when estimating a long-run demand for money relationship movements 
along or shifts of the production function for monetary services may be 
important; hence, the derived demand for real cash balances will be more 
generally determined by the demand for monetary services, equation (3), 
and the production function for monetary services, equation (1). Given, 
from (1), that NI{MjP) equals the average output of monetary services 
per dollar of real balances held, then N'‘ = Nj{MjP) ■ {MjP)*, or 

{MlPy = h[y^, {P.jP), N/iMIP)] (5) 

where 

d{MlPyidyp > 0, d{MlPYld{PslP) < 0 

and 

d{MIPY!d[Nl{MIP)] < 0. 

The last partial indicates that for a given y^ and {PnIP) (that is, for a 
given N‘‘), a higher average “productivity” of real balances implies a 
lower demand for money. Fewer real cash balances are now necessary to 
produce the desired monetary service flow, 

A shift in the production function for monetary services therefore has 
ambiguous effects on the demand for real balances. An increase in p, 
representing an upward shift in this production function, implies an 
increase in NI{MjP) and therefore a decrease in the demand for money. 
But the shift may also imply an increase in dNjd{MjP) and therefore a 
decrease in (P^/P) and an increase in the demand for money (if [M/P] 
and are complementary factors throughout). In other words, an 
increase in the quality of real money implies ( 1 ) that the average produc¬ 
tivity of real money rises and less real money is now necessary to produce 
a given monetary service flow and ( 2 ) that the marginal productivity of 
real money may also rise, decreasing the price of monetary services and 
hence increasing the service flow demanded. 

The two distinct effects of an increase in P on {MjP)* are, ignoring 
any real income effects, (1) a decrease in {MjPY because {MjP) and P 
(quantity and quality) are substitutes in the production of N (that is, 
along an N isoquant d[MIP]jdp < 0 ); ( 2 ) a possible increase in (MjPY 
because (MjP) and N are complements in consumption (that is, 
dlMjPyidPn < 0, and dPsISP is likely to be < 0). Perhaps a more 
intuitive notion of these two effects is obtained if /? is considered, for 
example, as a measure of the efficiency of the transactions process. This 
variable, which Irving Fisher earlier emphasized as an important de¬ 
terminant of the demand for money, has now become especially significant 
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in light of recent discussion concerning the implications for the demand 
for money of the growth of credit-card usage and other movements toward 
a “checkless” society. These technological innovations permit one to get 
more monetary services out of the same amount of cash, so they produce a 
decrease in the demand for money (effect 1), but they also, in general, 
make monetary services cheaper, which increases the demand for money 
(effect 2). The net effect, then, is ambiguous, and it is thus presumptuous 
to conclude, as did Fisher and as is often done now, that improvements in 
transportation and communication over time will necessarily lead to a 
secular rise in the velocity of money. 

A change in p is depicted graphically (fig. 1) by a rotation in the 
demand for cash balances schedule rather than an unambiguous shift in 
one direction or the other. Given the demand for monetary services 
schedule (cq. [3]) in figure M and the monetary service production 
schedule (eq. [1]) in figure IB, the demand for money schedule is 
traced out in figure 1C. For example, given a particular real cost of 
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fP IP) I 4 indicates the desired monetary service 
monetary services, ( o’ balances necessary to produce 

A,.- Ln.pl/ci, a;.,,,., 

that service flow, ^ O’ • real cost of holding the 

** .■!.» '"“'"P" !’■ LL for m»cy rfcdulc /„ 1C, 

money (Pm)o-o^ P rhe original point on the demand fur 

[(A//P^o^ ''^*'^"rLeX/7Tssume now dmt P rises from Po to Ai- At the 
V''. unchanged at but the corresponding point in IC 
"In^t^^ytrat ihe oJd Iinphcit cost of holding money fewer real cash 
1 S ,e,.ie,sented by (Af/P).. will now be necessary to produce the 
(this IS the average productivity effect I). Second, since, from 
jp ;V at -Vo is now higher, the implicit Pm ttt (Pn/P)o also now 
hiiii.er'dian (PmIcu ^^xy (Pm), (this is the 

The coi responding point on the new demand schedule, [(A///’;,, [J m)iJ< 
ihcirlotr, is to the northwest of the old point. Since at (Pf^/P) = 0 only 
the hist horizontal leftward shift (the substitution-in-production effect) 
is present, while at ,V‘' = 0 only the second vertical upward shift (the 
romplementarity-in-consiimption effect) is present, only if the demand for 
monetary services is unbouniled can the si,gn of d{Af!P)/dP possibly be 
unarnbiguou.s. ’ More generally, the demand for money schedule will 
rotate clockwise with an increase in p. 

'I’lie particular direction of effect on (MjP'/ of a change in /? can be 
determined by considering the change in the real value of the marginal 
product of money, yA4P^Mjp), as (I changes, where 


^AiPfMiP) = h^^M/py^ IPfll'P] ( 6 ) 

and where VAlP^Mifu hy the law of marginal productivity, is equal in 
equilibrium to (i — r^). The change in the demand price at a given 
output from a change in quality is therefore given by 




(1) 

(2) 

(3) 

(4) 

(5) 


^PA/P 


“ ^(M/P) 

d{P^/P) dN 

+ (P^IP) 


(7) 

dp \ 

iMIP) 

dN 

■ dp 

dp 



(+) 

(-) (+) 

{ + } 

(?) 



* A necessary condition for a bounded monetary service demand schedule is that 
A*' < oo at (/'„/P) = 0. The commonly used logarithmic functional form for the 
demand for money is unbounded at a zero rate of interest. But once risk considerations 
associated with the future real value of money arc introduced, then even at zero (or 
negative) net cost of holding money an optimum portfolio will not consist entirely of 
money. As long as the net return on money has a correlation with the return on real 
assets which is less than unity, risk-averse individuals will diversify and hold a fraction of 
their wealth in common stocks and other real assets, even if the expected return is lower. 
The Keynesian analysis often cited to justify the use of a logarithmic demand for money 
function considers nominally denominated bonds as the sole alternative to money and 
therefore can properly ignore the risk associated with unanticipated price level changes. 
Riskiness refers only to the capital value changes associated with interest rate changes, 
and money is therefore correctly assumed in this narrow context to be a perfectly riskless 
asset (see also n. 11 below). 
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'Under each of the five terms is the sign for the direction of change. 
Term 2 is the slope of the demand for monetary service function, term 3 is 
what I have referred to as the “average productivity” factor, and term 5 
is the “marginal productivity” factor. Terms I and 4 are the “weights” 
placed on these two effects (for example, if [P^IP] = 0 the marginal 
effect is zero, whereas if = 0 the average effect is zero). It is clear 

that I •2-3, which 1 have called the substitution-in-production effect, is 
necessarily negative, but 4 • 5, which I have called the complementarity- 
in-consumption effect, is ambiguous in sign. If is greater than 

zero the consumption effect is positive, and it is possible that it could 
outweigh the production effect and dVMP^nt/pfjdP could be greater than 
zero. The total net effect of a change in quality on the demand for money 
is therefore ambiguous. * 

If, however, the monetary service flow is proportional to the stock of 
real cash balances, 

N=P(MIP), (!') 

then it can be easily shown that the point on the demand schedule around 
which the demand for money rotates is of unitary price elasticity, and 
(XMlPyid^ will be greater than zero in the clastic portion of the demand 
schedule and less than zero in the inelastic portion of the demand sched¬ 
ule.’ Since the demand for money is commonly estimated to be price 


‘ A somewhat more appiopriate way to formulate this is to consider the change in the 
quantity demanded at a given price, P^, from a change in quality. That is, for a given 
(i - r„) (implying therefore in equilibrium no change in allow (M//’) to 

vary as fi changes: 


Bfi ' 8N 


+ (p„jp) 

dll ’ dp 


+ IV,, 


d{MIP) _ 

8P ~ ^ 


8{PmIP) dN djMIP) 
’ dN d(MIP) dp 


+ {PJP) 


dN,»,r, djMjP) 
d{MjP) BP ' 




( + ) (-) ( + ) ( + ) (?) 

r djP.IP) 8N dN^„„,-\ 

- + (/>.//>)-^J 


8(P«IP) BN 


+ (PnIP) 


dN„ 


(P) 


d{MIP)i 
( + ) (-) 


BN 8(MIP) 

( + ) (-) (+) 

Since the denominator is negative and the numerator is merely the negative of expression 
(7), the direction of change results for (7') are identical with those given in (7). 

From production function (!') and the demand for monetary services, ~ 
fl{PiilP)]t where {PnlP) = Pulp, we can therefore write the demand for money 

(PnIP) for (,P„IP) and factoring we get 

d(A//F) IBP -{l/lJ’)/[(f’«/F’)](l-i)*), where v«= -{PslP)lP[{P„jP)] •/'[(/’«//')]. 

And therefore d{MIPyiap § 0 as 7 ,, g 1, or, since N = P[MjP) and 7 „ = at 

every d{MlPYldfi ^ 0 as f 7 <M/p) § I. For example, given ( 1 ') and a rectangular 
n^rbola TV function, the {MjPY function is also rectangular hyperbola ([I'l merely 
changes the scale of our axes), and a change in P has no effect on {MjPy, (When p 
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quality can be expected to decrease the demand 
function (!') holds. 


II. Preliminary Empirical Results 

J. Model to Re Estimated 

Since N h unobserved the demand for monetary services, equation (3), 
cannot be directly estimated. The preceding theoretical framework 
demonstrates, however, that a viable alternative is to estimate the stock 
demand for money, including as arguments tho.se variables which can be 
expected to influence the relationship between the stock and the monetary 
service flow. The model we will empirically estimate is therefore 

log (.V//P) = «() + a, log.F^ + + a^fl + u, (8) 

where {MjP) is real cash balances, is real permanent income, r^ is a 
short-term (monetary substitute) interest rate, r^^ is a long-term interest 
rale, is the rate of return on money, and P represents the shift variables 
which influence the money stock-monetary service flow relationship. 

The short-term perfectly illiquid rate, i, that is used as a theoretical 
benchmark in defining the monetary service flow from money is not 
included in this model because of the difficulty of obtaining a market 


increases the leftward horizontal shift is equal to the upward vertical shift. Although the 
actual point on the [MjPy schedule corresponding to a particular point on the 
schedule shifts, there is no rotation of the entire schedule.) More generally, if the pro¬ 
duction function is of the general form (I), then N'' ~ /[(/’s/f)] implies (AtjPy = 
[(A//P)/A']./((/>„/A'„„)] and c(MIPYIdfi= {(MIP)/N„IN^] r(M/P)/iV]/' x 

= miP)IN\f[{N,IN) -t- Therefore, cl(M//>)'/ 

Bit will equal zero if ri„ = - {N, ■ N„,plN- N„,p ,). 

* If interest payments on money are highly correlated with short-term interest rates, 
the cross-price elasticity of demand for money is likely to be small. From my earlier study 
( 1974 i 3 ), the elasticity of demand for money with respect to (r* — r„), evaluated at the 
sample means over the 1880-1970 period, was —0.347. T^s result and the results 
reported below are based upon a semiiogarithmic functional form, which implies a 
variable interest elasticity demand function. Although most previous studies also find 
the demand for money to be interest inelastic, some impose a constant elasticity functional 
form on their estimates and all ignore the implicit pecuniary return on money. 

’ In addition, on purely invcntory-theoretic-type grounds, the demand for money 
may be negatively related to quality (or positively related to price uncertainty). If, for 
example, the store of value precautionary motive has to do with maintaining a particular 
level of real consumption without any “forced” sale of illiquid assets, then a larger 
variance of prices would require larger real money balances to maintain any probability 
level of not having to make a forced sale. An analytically similar argument holds for the 
transactions motive. If an individual did not know whether the cup of coffee he planned 
to purchase for breakfast tomorrow morning would cost 100 or $10.(X), his demand for 
real balances would certainly be larger. This, however, assumes that planned purchases 
are exogenous, while risk-aversion considerations would imply that individuals would 
increase current consumption and decrease money holdings to avoid next period’s price 
uncertainty. 
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measure of this rate. The short-term rate on monetary substitutes is 
instead considered as the “alternative cost” of holding money, with 
(fj — T/^) now considered as the implicit “price” of money. Changes in 
fg are likely to be highly correlated with changes in i over time, and 
therefore the failure to include i may not pose any serious problem 
empirically. The long-term interest rate is included as a measure of 
expectations regarding future short-term interest rates. If there are costs 
of moving in and out of cash and short-term assets, the expected behavior 
of future short-term rates will influence current money demand. Although 
the theory may therefore suggest a functional form which uses (rg — r*,) 
and as arguments, empirically it often pays to use the extra 1 df to run 
the relationship in the simple unconstrained tg, r^, r^f interest rate 
functional form. Consequently, the estimation procedures in this paper 
are based on this simpler unconstrained functional form. 


B. An Operational Measure of Quality 

The difficult empirical problem is to define operationally the variable p, 
and this requires some consideration of what “monetary services” 
actually are. Much theoretical work is currently being done in this area, 
but for our purposes it is probably sufficient to consider merely the text- 
tx)ok description of money as a medium of exchange, a unit of account, 
and a store of value. Money serves these “functions” best because it is 
the asset which supposedly possesses the greatest degree of “liquidity.” 
Liquidity is often assumed to be composed of two major elements: 
(a) marketability, or a uniform estimate of value across the population, 
and (b) predictability. Although money may be the most marketable 
asset (it has the smallest bid-ask spread), it is not necessarily the most 
predictable. It is obviously the most predictable asset in nominal terms in 
that a dollar nearly always sells for close to $1.D0, but it is the uncertainty 
associated with the future real value of an asset which has theoretical 
significance. If future movements of the price level are uncertain, then, 
unlike the traditional assumption of standard portfolio theory, money 
cannot be considered a perfectly riskless asset.' ’ 

Since the uncertainty of the anticipated real value of money is one 
major element of a money’s liquidity and hence can be expected to affect 


‘“Over the entire 1879-1972 sample period, however, the computed f-tesl ratio 
^tween these two factional forms (using the [0, 1, 1] ARIMA specificauon of Section 
beW) IS 2.59 (F.o, - 3.95), and therefore the null hypothesis of the “price” func- 
tional form cannot be rejected in favor of the alternauve interest rate functional form 
at the .05 sigmficance level. 

portfolio theory is framed in nominal terms, and the only risk ts assumed 
thi> awociated with unanticipated interest rate changes. Within 

r mo'tey is assumed to be a completely safe asset with no 

uncertainty of return (see Tobm 1958 and Arrow 1971). 
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the relationship between the stock and the service flow, a correct estima¬ 
tion of the demand for money requires the inclusion of a variable which 
measures the predictability of prices. In this paper I use the variability of 
the rate of price change as an operational measure of price unpredict¬ 
ability. This may appear to be a rather crude approximation, but it is 
actually a good measure if the underlying stochastic structure is assumed 
to be one of a constant mean plus some random disturbance. Evidence 
which I have presented in a recent paper (1975) on the autocorrelations 
of annual rates of price change over various time periods suggests that the 
a.ssumption of a constant (zero) mean works reasonably well until 1955 
and therefore substantiates, at least up to that point, the implicit model of 
the formation of price expectations used here. Other evidence given in 
that paper (for example, the short-run impact of changes in the rate of 
change of prices on the level of interest rates) further suggests that this 
model of expectations formation did not shift until the 1960s. Variability 
may therefore be a reasonable approximation to unpredictability for most 
of our period of analysis.' ^ 


' ^ At; editor vf this Jaurnal iuggested that I alternately experiment with explicit models 
of the formation of price expectations by estimating the time-series process of prices using 
Box-Jetikins methods. The residuals from this process can then be taken as a measure of 
unanticipated price change and therefore of price uncertainty. Over the entire 1871-1974 
period niovenieiils in the price level can be represented by the following (1, 1,0) ARIMA 
pi ocess; 

A log P, - 0.4f)25A log = 0.00806 -I- &, 

(.5.21) (1.67) 

= .198, d = 2.10, SE = 0,0479. 

rhe squared lesiduals Ifom this time-senes process did not enter the demand for money 
signifiranlly. I al.so divided the period into three subperiods which, as I suggested in my 
197.5 article, have distinct stochastic properties; (ti) 1879-1915 turns out to be a random 
walk in the log ol the price level, and therefore the first differences of the scries (the 
armal rate ol price change) is white noi.se or unanticipated price change; (b) 1916-55 is 
a (1, 1,0) jirocess: 

A log/*, — 0.461 lA log= O.Oi37 -f u, 

(3.47) (1.25) 

= ,1.50, d = 2,22, SE = 0,0655; 
and (c) 1956-72 is a (1, 1, 1) process: 

AlogP, - 0.8068A log/*,., = 0.00577 + d, + 0.7190(1, 

(4.93) (1.07) (3.49) 

= .830, d = 1.60, SE = 0.005G. 

Regressions were also run for overlapping time periods to splice the series of residuals 
together; however, neither the squared residuabfrom these processes nor the square root 
of the sum of the last 6 years' squared residuals divided by five (a measure analogous in 
form to the variability measure I employ in this paper) entered the demand for money 
function significantly. I believe this indicates that merely fitting a Box-Jenkins model to 
past rate of price changes to make price forecasts at every point in time yields misleading 
results. A major point of my “new standard" paper (1975) is that the public considers 
other information when forming price expectations, such as the nature of the underlying 
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Flo. 2.—VarUbiiiiy of ihc annual rale of change of prices, 1&80-1972 


Variability is measured by the five-term moving standard deviation 
i'rom the 10-term moving mean of the annual rate of change of prices and 
is plotted in figure 2.*^ I'bis variable, which I label S{f*jP)y is then 
entered into the U-S. demand for money function. The only previous 


monetary inalitutions. The problem is one of explicitly considering shifts in these other 
factors without relying at any point in time on price information not yet experienced. In 
addition, I also experimented with measures over time of cx post or realized unprcdict- 
ahiUiy based upon the difference between current market interest rates and actual future 
rales of price change. But without any independent measure of real rales (e.g., assuming 
real rate changes were zero), these derived variables were nonsensical. (The V94(is were 
the most obvious aberration, when interest rates were low while inflation rates were 
high; interest rates were also very high in 1869-74 while a significant delation was 
occurring in the J870s.) Use of cycle phase average data did not yield more rncaningful 
results. 

‘ ^ I computed logarithmic first differences of the implicit national product price 
deflator and then computed five-term moving standard deviations from these ycar-to-ycar 
percentage rates of price change using as the mean for this standard deviation calculation 
the average rale of price change over the current and previous 9 years. The result was 
then dated as of the final year. The vertical scale on the chart is logarithmic to minimize 
the heicrosccdasiicity problem. I used a 10- rather than a 5-ycar mean because I originally 
bought that the use of a longer-term mean from which the deviations are calculated 
tvould produce a better measure of price uncertainty in periods when unusually large 
,in absolute value) price changes continued for a few years. But the correlation over the 
1880-1972 period of this variable with the simple six-term moving standard deviation 
>f the rate of price change that I later used in Klein (1975) was .97, and the demand for 
noney results using this alternative measure arc nearly identical. The only other measure 
>f price variability I experimented with was the long-term price uncertainty variable I 
;onatrucied in Klein (1975) which entered insignificantly over the entire period but was 
ignificanCly positive over the 1880-J9J8 **gold standard” subperiod. 
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related empirical work I know of is by Morris Perlman (1970), where the 
mean squared deviations around the logarithmic trend line of prices 
were used in estimating the desired currency-to-deposit ratio across 
countries and also the demand across countries for currency and for 
deposits. This variable was found in each of these cases to be insig¬ 
nificant. ' '* 


C. Long- Term Demand for Money Results 

7’ai)le 1 presents estimates of the demand for money function using 
annually averaged data. Money and income are defined in real p>er- 
manent per capita terms, that is, the demand function is assumed homo- 
gencou.s of the first degree in permanent prices and measured population: ‘ * 
r^ is the yield on long-term (up to 30-year) corporate bonds, r^ is the 
short-term (4-6 month) commercial paper rate, and is the rate of 
return on money (see Klein 1974a). The entire 1880-1972 period is 
covered for A/j. For the post-World War I 1919-72 period, when reliable 
data become available for the narrower definition of money, regressions 
are reported for both M, and M^- In addition, although the strong 
unchanging trends in the variables over shorter periods cast serious doubt 


'* In addition, Brunner and Meltzer (1963) have unsuccessfully used in the demand 
lor money a moving 3-year standard deviation of the level of interest rates as a measure 
of uncertainty concerning credit market conditions. 

' ’ Changes in permanent prices and measured population are assumed to cause equal 
percentage changes in the nominal quantity of money demanded. Some evidence on this 
proposition with respect to measured prices can be found in Allan Meltzer (1963). 
Friedman (1969) argues that individuals are likely to determine their desired holdings of 
money in terms of longer-term price movements, and he successfully uses a permanent 
price index deflator. But Friedman’s scries, which is merely a weighted average of past 
measured price levels with no adjustment made for trend, cannot be meaningfully 
extended through the !960s. During that period a dollar hduciary standard with a clear 
positive long-term trend in the price level replaced any remaining semblance of a gold 
commodity standard with its general presumption of a long-term stable price level (see 
Klein 197,6). (The downward bias is obvious when one considers the level of the ratio of 
measured to unadjusted permanent prices, which is greater than one every year since 
1940, is 1,03 in 1963 before the rapid inflation begins, and reaches a level of 1.08 in 1972.) 
Any attempt to adjust the permanent price level scries must be somewhat arbitrary. I use 
the rising level of the long-term interest rate as a crude market measure of the postwar 
acceleration of the long-term trend of prices, and I measure trend over the 1952-72 
period by subtracting the long-term rate of interest from the average long-term rate 
during 1946-51, smoothing a monotonically increasing series to the nearest quarter of a 
percentage point. The adjusted permanent price level series remains below measured 
prices, but the measured to permanent price ratio is only 1.01 in 1963 and rises to only 
1.03 in 1972. Also, the deflation by measured population (the use of per capita averages 
of aggregated income and money holdings) may not produce an appropriate approxima¬ 
tion. Some measure of the dispersion of income and money holdings may also be relevant. 
In addition, since foreign holdings of currency are included in the money estimates, the 
U.S. population figures used arc somewhat arbitrary. All permanent estimates are made 
using Friedman’s (1957) consumption function weights, but see n. 24 below for an 
empirical justification of this ad hoc procedure. 
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TABLE 1 


Demand for Money Functions, Annual Observations, 
1880-1972 AND 1919-72 


log M = do + «1 •ogT'p + + “i'L + “5 *°g 


Dependent 
Variable and 
Time Period 


Mi 1880-1972: 

(9) . 

( 10 ) . 

Ml 1919-72: 

( 11 ). 

( 12 ). 

A/, 1919-72: 

(13). 

(H). 




^2 



"s 

R^ 

d 

SE 

-13.71 

1.307 

-0.299 

-0.057 

0.324 


.989 

1.07 

0.0755 

(65.69) 

(40.73) 

(12.06) 

(4.39) 

(10.96) 





-14.01 

1.380 

-0.268 

-0.071 

0.302 

0.050 

.991 

0.98 

0.0684 

(69.55) 

(41.44) 

(11.37) 

(5.86) 

(11.09) 

(4.48) 




- 13.40 

1.251 

-0.198 

-0.032 

0.187 


.961 

0.46 

0.0724 

(50.16) 

(31.63) 

(2.86) 

(2.13) 

(2.32) 

0.074 




-14.38 

1.433 

-0.180 

-0.036 

0.173 

.976 

0.73 

0.0579 

(50.94) 

(30.79) 

(3.23) 

(2.98) 

(2.67) 

(5.34) 




-13.95 

1.322 

-0.170 

-0.125 

0.176 


.918 

0.36 

0.1167 

(34.77) 

(21.94) 

(1.62) 

(4.63) 

(1.35) 





- 15.80 

1.668 

-0.135 

-0.135 

0.146 

0.143 

.962 

0.75 

0.0806 

(42.29) 

(26.65) 

(1.85) 

(7.21) 

(1.63) 

(7.40) 





Note —All Ion stand for natural loaartthms- The absolute values of the t-slatistirs arc given in parentheses 
beneath the coeffietent estimates, represents the D-W statistic; tf-r, the coefficient of i/eterminalion. 


on the effective number of degrees of freedom present within smaller 
subperiods, I also examine the post-World War II period separately. 

All of the variables enter in the expected direction and, except for 
and Tjj, in the 1919-72 regression, all of the reported /-statistics are greater 
in absolute value than 2. ‘ * Note, in particular, that the variable measur¬ 
ing the uncertainty of price change positively enters the demand for 
money. Given price inelasticity of demand in the region under considera¬ 
tion, the positive effect of price variability on the demand for money is a 
result predicted by the theory. 

The variable is the same as used in my earlier article (1974a), 
except for two adjustments: (1) Commercial bank float was mistakenly 
not subtracted out of my estimate of reserves held (at a cost) by commer¬ 
cial banks against deposits for the 1968-70 period. This mistake is now 
corrected. * ’’ (2) Service charges on demand deposits are no longer 

Since senuus first-order positive serial correlation of the error terms is indicated by 
the reported Darbin-Watson statistics the /-test is invalid, and statements about statistical 
significance therefore cannot be made. In the next section of the paper the autocorrelation 
of the residuals is analyzed, and this problem is corrected. 

‘ ’ This mistake was made because the Federal Reserve’s somewhat confusing treatment 
of bank float was not recognized. In computing privatt demand deposits at member banks (and 
therefore money stock measures), the Fed subtracts from gross deposits cash items in the 
process of collection at member banks, while Federal Research float is not subtracted 
when computing their member bank deposit series. The rationale for this seemingly incon¬ 
sistent procedure is that the former series is designed to measure “the money balances of 
the nonbank sector” while the latter series is supposed to measure “the deposit resources 
of member banks” (see Federal Reserve Bulletin [February 1973], pp. 62-66). 
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subtracted out in computing Since service charges enter on a per unit 
time and/or per transaction basis, rather than on a per dollar deposit 
basis, I did note (Klein 1974fl, n. 17) that considering service charges as 
negative interest on money made no theoretical sense. I nonetheless 
(mistakenly) .subtracted them when constructing because such a 
procedure “worked better" empirically. When the price uncertainty 
variable is added to the money demand equation, however, that procedure 
produces an inferior fit. Once the postwar fall in price variability is 
considered (see fig. 2), it is no longer necessary to use the rising postwar 
service charge rate on deposits to “explain” (incorrectly) the postwar rise 
in velocity, 

D. Velocity Results 

The demand for money results of table 1 are replicated in table 2 using 
velocity as the dependent variable. ’ * Once again all variables have 
reported /-statistics greater in absolute value than 2, except and in 
the 1919-72 regressions, but there is once again a great deal of positive 
serial correlation of the residuals. Log S{PjP) enters in the theoretically 
correct negative direction and moves the coefficient on log {YjY^) (the 
ratio of measured to permanent nominal income) closer in the 1919-72 
period to the value of 1, which would be theoretically appropriate under 
the a.ssumption that transitory income does not affect the long-run 
demand for money. 

IVrhaps the most dramatic results with the price uncertainty variable 
occur over the postwar period. I'hc velocity regression results for the 
1946-72 and 19.'i3 -72 subperiods reported in table 3 indicate a marked 
improvement in the fit of the regressions when the price uncertainty 
variable is added. The standard error of estimate of the regression is 
reduced by 55 percent for 1946-72 and by nearly 80 percent for 1953-72. 
The estimated coefficients also move toward theoretically appropriate 
values. (The implied income elasticity moves from — .8 to -f .4 and from 
— .9 to 0, the long-term interest rate effect moves from zero or slightly 
negative to positive, and the {YjY^) coefficient moves from zero or slightly 
negative to the theoretically expected positive, or procyclical, direction.) ’ ’ 

' • Velocity is defined as nominal net national product divided by the money stock. 
This alternative somewhat more general specification differs from the initial demand for 
money specification in not using population as a deflator and in failing to constrain the 
(YjYf) coefficient to 1. Kuznets’s income figures were spliced to thepost-1946 Department 
of Commerce figures by multiplying the department’s figures by 0.882—the ratio of 
Kuznets’s 1946 NNP estimate to the department’s 1946 estimate. 

The coefficient on log (T/T,) of greater than 1 for 1946-72, however, is theoretically 
disturbing since it implies that an increase in transitory income leads to a decrease in 
money holdings. The coefficient is not, however, statistically significantly different from I, 
and if there are measurement errors in nominal income this coefficient will be biased 
upward due to spurious correlation. 
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TABLE 3 


Velocity Functions, Annual Observations, 1946-72 and 1953-72 
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(21). 

- 11.5.5.5 

1.782 

-0.009 

0.040 


.858 

O.IB 

0.0974 

(3.22) 

(3.29) 

(0.18) 

(0.05) 





(22) . 

- 3.957 

0.558 

0.058 

1.496 

-0.1.50 

.972 

0.90 

0.0441 

(2.10) 

(2.01) 

(2.55) 

(4.03) 

(9.48) 




F, l')5:-i-72: 









(23j. 

- 12 460 

1.949 

-0.048 

-1.183 


.913 

0.66 

0.0535 

(4.18) 

(4.33) 

(1.35) 

(1.42) 





(24) . 

-0.714 

1.006 

0.020 

0.558 

-0.112 

.996 

1,83 

0.0120 

(9.01) 

(8.79) 

(2.28) 

(2.63) 

(17.44) 
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In addition, the Durbin-Watson statistic improves dramatically, with the 
null hypothesis of zero first-order serial correlation in the error terms 
accepted at the .05 significance level for the 1953-72 regression. 

These postwar regressions are reported without and because 
neither enters the relationship significantly. In fact, before the price 
uncertainty variable is added, r,- enters the relationship in the theoretically 
incorrect negative direction (“reported” /-statistic equal to —2.8). This 
negative coefficient is picked up in the data because the rate of growth 
of F| flattens out in 1967-71 just when short-term interest rates begin to 
nsc. When the price uncertainty measure is introduced, the 1967-71 
slowdown in the growth of F, is now “explained” by an increa.se in price 
uncertainty rather than by a rise in interest rates. Short-term rates then 
enter positively, but not significantly. In addition, since the annual rate 
of change in velocity is extremely stable during the postwar period, the 
elimination of ry and can also be rationalized as necessary to create 
additional degrees of freedom for statistically meaningful results. 

The improvement in the empirical results over the postwar period can 
perhaps be illustrated most clearly by considering figures 3 and 4. 
Figure 3, which plots the values of log Fj predicted by equation 21 
(along with the actual values), reveals that this equation picks up little 
of the movement over time in velocity other than trend. In particular, the 
unpredicted slowdown in velocity growth after 1967 is contrary to what 
would be expected from interest rate changes over this period.^® Conse- 

If competitive interest is paid on deposits, an increase in the anticipated inflation 
rate and therefore market interest rates will also increase r„f and hence theoretically 
suggest a small total measured effect on the demand for money. My earlier results 
(Klein 1974fl, pp. 944—45) implied that, evaluated at sample means over the 1880—1970 
period, a 1 percentage point increase in the expected inflation rate would decrease the 
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Fig. 3.—.Actual ami predicted values of V, from regression equation (21), 1946-72 


quently, the residuals from this regression, plotted in figure 4 {residual,), 
become quite negative at the end of the period when predicted velocity 
persistently overestimates actual velocity. When the price uncertainty 
term is added, however (eq. [22]), the residual (plotted in fig. 4 as 
residual,) is greatly reduced overall, and it essentially vanishes during the 
difficult post-1967 period. The movement in price uncertainty may there¬ 
fore explain much of the unaccounted-for movement in velocity since 
1967 that previously has been a mystery.^* 


III. Further Empirical Results 

Almost all the regression results so far reported have extremely low D-W 
statistics, indicating a likely misspecification of the relationship. I there¬ 
fore attempt in this section to correct this misspecification by examining 
(a) the time-series process on the residuals, (b) the functional form of the 
equation, and (c) the possibility that a relevant variable has been omitted. 


demand for money only about 0.1 percent. But it certainly should not increase the 
demand for money, Cagan and Schwartz (1975) have also recently noted their inability 
to explain the sharp break in the trend rate of growth of velocity that occurs during this 
period. 

The postwar results are so striking that the signiheant effect of log 5 over the 

entire 1880-1972 period may be thought to be due solely to the movement in this sub¬ 
period. This is, however, not the case. Log S{PlP) enters positively over the 1880-1945 
subperiod with a reported t-statistic greater than 2. So the results, although weaker in 
the earlier period, do not indicate a purely postwar effect. The prc-1946 national income 
deflator is a relatively poorer price index in terms of coverage and accuracy. This measure¬ 
ment problem adds noise to the price uncertainty variable in the early period which 
would be expected to reduce its signiiicance. 
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Fig. 4. F, rrgrcssion equation residuals (actual minus predicted values) equations 
(21) and (22), 1940-72. 


2 f. Time-Series Analysis 

The demand for money regressions in the levels are clearly not stationary; 
therefore, the equations are presented in table 4 in first difiFerenced form 
with a moving average error term for the M 2 regressions and an auto¬ 
regressive error term for the A/, regression (the ARIMA processes which 
best eliminated the autocorrelation in the residuals). The Q-statistics for 
the residuals (the Box-Pierce statistic adjusted for downward bias, an 
approximate test of the randomness of the first 12 sample autocorrela¬ 
tions) arc reported, and they are all small relative to the critical values at 
the .05 significance level. 

The results are quite reassuring. The variables generally enter sig¬ 
nificantly in their theoretically expected directions after correcting for 
the extreme positive serial correlation present in the original regressions. 
In particular, the price uncertainty variable enters both positively and 
significantly (except for 1919-72 A/j where it is barely insignificant at 
the .05 level).In addition, it may be worth noting that the estimated 
permanent income elasticity of demand for A/j is now almost exactly 1, 
a value that makes theoretical sense if money is considered an input 

I am grateful to Tom Heagy for assistance on this section. The results reported here 
are based upon the more complete tests conducted in his Ph.D. dissertation currently in 
progress at the University of Chicago Graduate School of Business. 

* * After examining the cross-correlations (the correlations of the independent variables 
with the residuals) it became apparent that the price uncertainty variable should enter 
in lagged form. Since this also makes a great deal of theoretical sense (otherwise indi¬ 
viduals are basing their money holdings on price variability observations that have not 
yet occurred), that is how the variable is entered and reported in table 4. 
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entering household and firm production functions which are homogeneous 
of the first degree in all inputs. The results differ from those of previous 
long-run demand for money studies by indicating not only that money 
is not a luxury good, but also that the income elasticity of demand for 
money does not seem to fall over time. There were not enough degrees of 
freedom to employ meaningfully the multiple input transfer function 
program used for this time series estimation on the postwar data alone. 


B. Multiplicative Functional Form 

If the demand for money function is semilogarithmic in the interest rates, 
as assumed in these empirical estimates, and rotates around the point of 
unitary elasticity, then the price uncertainty variable will enter the 
demand for money as a function of the price of money; therefore, the 
multiplicative functional form, (r^ — r^f) ■ log S(BlP), might be expected 
to yield superior results. These multiplicative estimates are presented in 
table 5 and are generally superior. The standard error of estimate is 
reduced about 7 percent for the M 2 regressions while essentially remaining 
unchanged for the Af, regression. In addition, the price uncertainty 
vanable in the 1919-72 regression now enters positively at the usual levels 
of significance, and in the 1879-1972 regression it enters substantially 
more significantly. 


C. Real Income Uncertainly 

Although the price uncertainty variable enters the demand for money 
significantly, it is possible that it is merely a proxy for the degree of 
general economic instability or real income uncertainty in the economy. 
This omitted variable may be expected to affect the demand for money 
by directly influencing the demand for liquidity.^* The demand for 

The multiple input transfer function (MITF) model is discussed by Box and 
Jenkins. The computer program used here was developed by Charles Nelson (transest, 
University of Chicago Graduate School of Business, August 1975). It is interesting to 
note that when actual rather than permanent real per capita income was entered into 
this demand for money model with a single denominator term, i.c., a Koyck distributed 
lag structure, the estimated lag weights coincided exactly with Friedman’s earlier 
estimates (0.33 on the current value), although Friedman’s estimates were derived for a 
completely different (consumption) model from a different body of data over a different 
time period. 

Fisher (1932) claimed that pessimism or a general loss of confidence in business 
would ificreasc the demand for money. A somewhat similar effect may have been 
operating at the outbreak of war in 1914 and again in 1939 when an increase in general 
uncertainty in the economy produced a decrease in velocity. Although war is associated 
with rapid inflation and therefore one would expect a movement out of money, the 
initial movement was a decrease in velocity. The large amount of real uncertainty that 
must have been present in the economy immediately after World War II may also 
possibly explain the large negative velocity residuals during this period (see fig. 3). In 
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money regressions were therefore repeated, including an additional 
variable to measure the degree of stability of the economy analogous to 
the price uncertainty measure—a moving five-term standard deviation 
from a 10-term mean of the rate of change in real per capita income, 
.S’( The results for the 1879-1972 period are^’ 

A log = 0.0080 -f- 1.060A log - 0.0345Art - 0.0419A(rs - rjv,,) 

(1.68) (8.24) (3.19) (4.67) 

f 0.0076Af(r,- - r„^) log 5 (/>//>)],., 


+ 0.0085A log,?(i/j;),_, + it, + 0.4242<2,_, 

(0.77) (4.28) 

= .706, d = 1.96, Q = 9.40, SE = 0.0282. 

Real income variability docs not significantly enter the demand function, 
and therefore the final equations of table .6 are not misspecified in this 
regard.^** 


adduioii, the real unc.tTtainty associated with relative price unpredictability can be 
assumed theoretically to enter the demand for money in a positive direction. There is no 
a pri(.)ri reason, however, to believe that relative price uncertainty is positively correlated 
with my measure of absolute price uncertainty. 

I’he simple correlation of this variable with the price uncertainly variable is .63. 
Since real income is, measured residually from nominal income and prices, there is the 
possibility of measurement errors producing spurious correlation between the two series. 

1 also used over the 1919-72 period the spread between Moody’s Baa and Aaa corporate 
bond rates as a possible market measure of real uncertainty, but this variable did not 
enter signiBcantly. 

The regression must be run in the price functional form because Nelson’s transfer 
function computer program can only accommodate five independent variables. The 
results, however, arc likely to be very similar to the simple interest rate form (see n. 10). 

^ ® Another possible source of misspecification concerns the form of the rate of return 
on money variable. In a recent paper, Eden (1976) demonstrates that the usual specifi¬ 
cation of the expected rate of return on money as the negative of the expected inflation 
rate, — {I^jP)*, is incorrect. He shows that since individuals are interested in the exchange 
value of money, 1 /P, which is a convex function in P > 0, the expected rate of return on 
money is more precisely {1/[1 + {PiP)*]) — 1 and that this correct expected rate of 
return increases with the even moments and decreases with the odd moments of the 
continuous rate of inflation. In particular, this correct expected real rate of return 
increases with the variance and decreases with the mean of the rate of inflation. Using 
data from hyperinflation episodes, Eden then shows that a measure of the anticipated 
variance generally has a signifleant positive eifect on the demand for money only when 
the rate of inflation rather than the correct return on money is used. It is difficult, 
however, to apply these results in this context to my equations. Whether £'[l/(f^/P)] or 
— E{PlP) is used will make very little difference except during periods of very rapid 
price changes. The two alternative measures are obviously very close for this sample, and 
clearly the price variability term is not picking up solely this effect. 
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IV. Implications 

These empirical results have important theoretical implications since they 
suggest that an increase in monetary instability which produces an 
increase in the variability of prices would lead individuals to voluntarily 
hold additional cash balances. If the traditional conceptual framework of 
inflation analysis is employed, the primary distinction between the effects 
of an “anticipated” and an “unanticipated” inflation is now blurred. 
It is commonly maintained that only an anticipated inflation will affect 
the demand for money, with unanticipated inflation merely producing 
once-and-for-all wealth distribution effects. The empirical results of this 
paper, however, indicate that unanticipated price changes, by altering 
the degree of future price uncertainty (or the variance of the prior 
probability of future price change distribution), will now also have 
allocative effects. In addition to any distributional effects, an unantici¬ 
pated price change will also alter the future demand for money, but in 
the opposite direction to an anticipated price change. 

Within the context of the optimum quantity of money literature, this 
increase in the demand for (and therefore the level of) real money that is 
produced by increased price uncertainty docs nut imply an increase in 
social welfare. A possible source of error here is a confusion between the 
stock and the service flow. Utility is not a function of the stock of real 
cash balances, (A//P), but of the monetary service flow. An increase in 
price uncertainty will reduce the actual monetary service stream as long 
and therefore the price of monetary services rises. Society is 
clearly worse off because a valuable asset (price predictability) has been 
depreciated.^^ 


” In the same optimum quantity of money context it is also important to distinguish 
clearly between the stock and the service flow when considering the marginal costs of 
producing money. The usual optimum solution has a rate of deflation equal to “the” 
real rate of interest so that the price of holding money is set equal to the assumed zero 
marginal cost of producing money. But in what sense is money produced costlessly on 
the margin? The fact that it is costless to **add a zero,’* i.e., that the marginal cost of 
nominal money is zero, implies nothing about the marginal cost of producing monetary 
services, or real cash balances, which is the relevant concept here. It is difficult to con¬ 
ceptualize the marginal cost of producing real cash balances" since {MjP) is not a 
control variable in a money-producing firm’s production function but rather is determined 
on the demand side. A useful way to think of this theoretically is to start with the public’s 
demand for monetary services, which implies a derived demand for quality or monetary 
confidence, p (similar to the derived demand for entrepreneurial services). Given this 
dernand for fi, the marginal cost of producing p (for example, holding gold stocks, 
mamtainn^ an army and police force, or expending resources on any other inputs which 
create confidence capital) implies an equilibrium quantity of P and thus a demand for 
real cash balances function. More generally, given information costs about future per¬ 
formance, monetary confidence or “brand names’* will have value independent of any 
confidence-creating expenditures. Even if the costs of "producing” real cash balances are 
zero, comumer demand for collateral or "backing” would necessarily imply a positive 
price such that a normal rate of return is earned on the residually measured intangible 
brand name capital.'nus “profit” can be thought of as the cost of “selling” the real cash 
balances (see Klein*9744] for a related discussion). 
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What has increased, however, is the potential governmenul tax 
revenue from inflation. An unanticipated inflation will increase price 
uncertainty and therefore will, in general, increase the tax base. What 
places a limit on this induced growth of the base via the creation of price 
uncertainty is the degree of comptetition (or the implied elasticity of 
demand for monetary services) present in the particular market for money. 
All real world examples lie somewhere between the perfectly competitive 
market for monetary services of my earlier theoretical model (1974A), 
where the marginal productivity or complementarity-in-consumption 
effect must dominate,^® and the monopolistic case empirically investi¬ 
gated in thi.s paper, where the average productivity or substitution-in¬ 
production effect has clearly dominated. The direction of the effect of 
price uncertainty changes on money demand will depend upon the 
particular market and time horizon under consideration. One would 
expect the elasticity of demand to be greater in the long run than in the 
short run and to be greater in the relatively more competitive market for 
international money compared to a particular monopolistic money 
market. Eventually a policy of creating price uncertainty, which “de¬ 
preciates” the money’s “brand name,” will very likely cause an erosion 
of the tax base, but the empirical results of this paper have demonstrated 
that this “competitive” effect may be quite sluggish.*' 
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The Competitive Effects of Trust-Busting: 
A Portfolio Analysis 


Malcolm R. Bums 

University of Kansas 


Monthly stock prices are used to analyze the competitive effects of the 
Sherman Act dissolutions carried out against Standard Oil, American 
Tobacco, and American Snuff on December 1, 1911. Statistical tests of 
the price changes accompanying important developments in the 
litigation show rather strongly that investors did not expect dissolution to 
alter the performance of the snuff, tobacco, and petroleum industries. 
This conclusion is similar to the findings of previous studies of these cases, 
and the results indicate that applications of stock prices and finance 
theory can significantly augment the empirical research methods of 
industrial organization. 


1. Introduction 

Recent empirical work in corporate finance supports both the capital 
asset pricing model (CAPM) and the efficient markets hypothesis of 
stock price behavior. ‘ For example, the time series estimates of Fama and 
MacBeth (1973) have verified the predicted linear and risk-adjusted 
relationship between individual portfolio returns and the market average. 


This article is a condensation of my Ph.D. dissertation in economics at the University 
of Minnesota. The research was supported by grants from the Brookings Institution and 
the University of Kansas. I would like to thank Uri Ben-Zion, Peter Clark, Mohamed 
El-Hodiri, Anthony Marino, Trout Rader, and Leo Raskind for helpful comments and 
suggestions on an earlier draft. I am especially grateful to John Hause, who supervised 
this project as chairman of my Ph.D. committee. The revision has benefited substantially 
from the criticisms of an anonymous referee and the assistance of Trent Boggess, Maurice 
Joy, and De-Min Wu. I am responsible for any remaining errors. A preliminary version 
of this paper was presented at the Kansas-Missouri Quantitative Economics Seminar on 
May 2. 1975. 

' The CAPM was developed initially by Tobin (1958) and Markowitz (1959). It is 
discussed at length in Fama and Miller (1972. pp. 215-320). A comprehensive survey of 
the efiicient markets hypothesis is contained in Fama (1970). 

y Pehlttal Beaumy, 1977, vol. 85, no. 4J 
© IV77 by The Univenij^ of Chicago. All rights reserved. 
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Likewise, studies of the price revisions accompanying stock splits, earnings 
declarations, and changes in accounting practices indicate that security 
prices adjust promptly and accurately to new information.^ So far the 
research has concentrated on testing the validity of these models, but the 
accumulated evidence is now sufficiently strong that financial analysis 
can be profitably applied to other problems in economics. Thus, instead 
of determining that security prices react as expected to events whose 
consequences arc largely known ex ante, their behavior can be used to 
identify the meaning and significance of the events themselves. 

Industrial organization is a fertile field for such applications because 
the monthly character of stock prices makes them an effective substitute 
for annual measures of market performance which are often unavailable.^ 
One topic that has generated new interest is the economic impact of 
trust-busting, and the experience with previous Sherman Act cases should 
provide a useful historical framework for evaluating current efforts (e.g., 
A'l' & T and IBM) to foster rivalry through dissolution. Consequently 
(his study reexamines the competitive effects of the horizontal dissolutions 
carried out against Standard Oil, American Tobacco, and its subsidiary 
American Snuff on December 1, 1911.* The sample is small but sur¬ 
prisingly diverse, and the principal features of each decree are outlined 
in table 1. ’ 

Security prices reveal the impact of dissolution quite dramatically. At 
a minimum, these data indicate that the performance of the snuff, 
tobacco, and petroleum industries was not significantly altered by the 
replacement of caeh trust with independent rivals. However, if one 

" .See Ball (1972), farna rt al. (1969), and Jordan (1973). 

’ Previous uses of security prices in industrial organization include Ellen (1975), Lev 
and Matidrlkrr (1972), Clriistcin (1972), and Stiglcr (1965). Ellcrt’s .study is especially 
noteworthy beciuLse he used similar methods to analyze the relative price behavior of 
1,466 conmion stocks issued by corporations involved in 1,019 antitrust cases between 
1935 and 1971. Ellert also concludes (pp. 127, 129) that security prices are generally 
sensitive to new information with antitrust implications. 

* Standard Oil Company of N.J. v. U.S., 221 U.S. 1 (1911) and U.S. ti. jlmerican Tobacco 
Co., 221 U..S, 106 (19! 1). The complete texts of the dissolution decrees are presented in 
U.S. Courts (1918, pp. 136—44, 162-91). The snuflT-tobacco decree is summarized in both 
the (October 21, 1911 issue of the Commercial and Financial Chronicle {CFC), pp. 1122-24, 
and Foot's Manual of Industrials, 1912, pp. 1643 44, 1657-60. 

’ According to Whitney (1958, 2; ,386-87), the Justice Department filed 17 Sherman 
Acl suits against large manufacturing corporations between 1900 and 1920. The 
sample was restricted to the snuff, tobacco, and petroleum trusts primarily because 
of the expense of collecting substantial amounts of data from original sources. Studies of 
financial events in more recent periods typically avoid this problem with the use of the 
stock price tapes compiled by the Center for Research in Security Prices (CRSP) at the 
University of Chicago; this series begins in January 1926 as described in Fisher and I-orie 
(1964, pp. 2-3). Of the remaining cases in Whitney, only U.S. o. E, /. du Pont de Nemours Gf 
Co., 188 Fed, 127 (D. Del. 1911) resulted in dissolution, and it was excluded due to in- 
suBicient stock price data. The other suits produced acquittals or minor consent decrees. 
Thus, the sample covers all but one of the early manufacturing dissolutions, including the 
landmark cases of Standard Oil and American Tobacco, but the empirical results are not 
necessarily descriptive of all antitrust suits filed during the period 1900-1920. 
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accepts the prevailing view that the three defendants were empirical 
examples of textbook monopolies, the results also imply that there was 
very little actual or anticipated competition between the firms in table 1 
and no visible erosion of monopolistic rents.® This particular finding is 
identical to the conclusions of the dissolution literature, but it emerges 
without many of the ambiguities that characterize industry studies.^ The 
use of security prices also clarifies what could be an inescapable dilemma 
of section 2 enforcement; balancing the consumer interest in vigorous 
rivalry with shareowner concern for the preservation of monopoly profits 
and capital values. Stockholder injury is an important consideration in 
dissolution proceedings, and the infrequent use of structural remedies is 
usually blamed on the reluctance of the courts to punish allegedly 
“innocent” investors.® In short, the results suggest that financial analysis 


^ Unfortunately, as is often the case in industrial organization, the empirical results 
will support other inferences besides '‘no competition between the successor companies.*’ 
For example, it is conceivable that the histories of the snuff, tobacco, and petroleum 
trusts contained in U.S, Bureau of Corporations (1907 and I909'15) overestimated both 
their market power and the extent of output restriction. If so, then the absence of negative 
effects from dissolution in the stock price data suggests that these industries were essen¬ 
tially competitive prior to 1912. Williamson and Andreano (1965) argue that such mis¬ 
conceptions arc prevalent in discussions of Standard Oil. The available evidence for all 
three defendants is reviewed in Burns (1975, pp. 12-36), and some of it is consistent with 
the conventional view. Thus the defendants controlled substantial shares of most industry 
branches: 


American Snuff 
(1900-1910) 

American Tobacco 
(1900-1910) 

Standard Oil 
(1899-1911) 

.Snuff 91% 

Cigarettes 

85% 

Kerosene 

80°/, 


Little cigars 

79 

Gasoline 

75 


Chewing 

77 

Waxes 

59 


Fine-cut 

74 

Fuel oil 

58 


Smoking 

69 

Lubricants 

47 


Cigars 

13 




U.S. Bureau of Corporations (1915, p. 2) and Williamson and Andreano (1965, p. 309). 
Likewise, the Bureau of Corporations reported that the purchase of American Tobacco 
common shares in 1890 would have generated income and capital gains by 1908 worth 
nearly 10 times their original cost at par, while the average manufacturing stock ap¬ 
preciated only 300 percent with reinvestment in the same period. Compare U.S. Bureau 
of Corporations (1911, pp, 37-38) and Cowles (1938, pp. 170-71). Still, the evidence is 
incomplete and not altogether conclusive, especially since there were no artificial 
restrictions on entry into the snuff, tobacco, and petroleum industries. However a 
resolution of the conflict between “no successor competition” and "no monopoly in the 
first place is not crucial in this instance, because neither inference is particularly favor¬ 
able to the Justice Department. 

See Cox (1933, pp. 217-18), NichoUs (1951, p. 409), Stocking (1925, pp. 113-14), 
and Tennant (1950, p. 342). These and other studies of the tobacco and petroleum 
dissolutions are summarized in Whitney (1958, 1:101-0, and 2: 14-22). Stiglcr (1956, 
p. 505) presents a brief but highly critical evaluation of industry studies. 

• Dewey (1959, pp, 247-46). See also Standard Oil Company of N.J. v. U.S., 221 U.S. 
78 and U.S. v. AtArican Tobacco Co., 221 U.S. 185. 
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Likewise, studies of the price revisions accompanying stock splits, earnings 
declarations, and changes in accounting practices indicate that security 
prices adjust promptly and accurately to new information.^ So far the 
research has concentrated on testing the validity of these models, but the 
accumulated evidence is now sufficiently strong that financial analysis 
can be profitably applied to other problems in economics. Thus, instead 
of determining that security prices react as expected to events whose 
consequences are largely known ex ante, their behavior can be used to 
identify the meaning and significance of the events themselves. 

Industrial organization is a fertile field for such applications because 
the montfily cliaracter of stoc;k prices makes them an effective substitute 
for annual measures of inarket performance which are often unavailable.^ 
One topic tfiat has generated new interest is the economic impact of 
trust-husiing, and the experience with previous Sherman Act cases should 
provide a useful historical framework for evaluating current efforts (e.g., 
.AT it and IffM) to foster rivalry through dissolution. Consequently 
this study reexamines the competitive effects of the horizontal dissolutions 
carried out against Standard Oil, American Tobacco, and its subsidiary 
American Snulf on December I, 1911.“* The sample is small but sur- 
yinsiiigly diverse, and the principal features of each decree are outlined 
in table 1. "' 

Securily prices reveal the impact of dissolution quite dramatically. At 
a minimum, these data indicate tliat the performance of the snuff, 
tobacco, and petroleum industries was not significantly altered by the 
reiilaeement of each trust with independent rivals. However, if one 


^ Scr B. 1 II (iy72), I'amii rt al. (IW>9). and Jordan (1973). 

I’lcvious uses of .secuiily prices in industrud organization include Ellen (1975), Lev 
and Mandelker (1972), Orastem (1972). and .Sligler (19r.S). Ellen’s study is especially 
nolewonhy iiecaase he used similar methods lo analyze ihe relative price behavior of 

930 md " 1071 ' 'ku T" involved ,n 1,019 antitrust cases between 

IJJ.I .ind 1.171. Ellen also concludes (pp. 127, 129) that security prices arc generally 
seiisuive 10 new nirorniauoii with antitrust implications ^ ^ 

I S r 1 u 'rxts of the dissolution decrees are presented in 

the OcuX r ZI :<l!T '' ‘s summarized in both 

a ^ t / ’ ' Cei'imzrzM/ and Fhmmial Chronicle {CFC), pp 1122-24 

and/’oor j A/an«a/i//n</iolriii/,t, 1912, pp. 1643^4 1(1.57-00 ’ 

4 ei Department filed 17 Sherman 

• aei suits against hirge manufacturing corporaliom between 1900 and 1920 The 

'■ »uufr, tobacco, and petroleum trusts primarily because 

ol ^e expeme of collecting substantial amounts of data from original sources Studies of 
financial events m more recent periods typically avoid this proWcm withX' use of the 
stock price tapes compiled by the Center for Research in Security Prices (CRSPl at the 

(^9 m'’ pp ’'2 3?^7fh ‘ ** descriU in Fisher and Lorie 

oa 100 fed, 127 (D. Del. 1911) resulted tn dissolution, and it was excluded due to in 
^fficiem stock price data The other suits produced acquiltaU or minor consent decrees 
ll!^^’ '“■■'y manufacturing dissolutions, including the 

nccelir'y ‘u*'* “"d American Tobacco, but the empirical results are^rmt 

necessarily descnptive of all antitrust suits filed during the period 1900-1920. 
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accepts the prevailing view that the three defendants were empirical 
examples of textbook monopolies, the results also imply that there was 
very little actual or anticipated competition between the firms in table 1 
and no visible erosion of monopolistic rents.® This particular finding is 
identical to the conclusions of the dissolution literature, but it emerges 
without many of the ambiguities that characterize industry studies. ^ The 
use of security prices also clarifies what could be an inescapable dilemma 
of section 2 enforcement; balancing the consumer interest in vigorous 
rivalry with shareowner concern for the preservation of monopoly profits 
and capital values. Stockholder injury is an important consideration in 
dissolution proceedings, and the infrequent use of structural remedies is 
usually blamed on the reluctance of the courts to punish allegedly 
“innocent” investors. ® In short, the results suggest that financial analysis 


^ Unfortunatr^ly, as is often th<r cas^ in industrial organization, the empirical results 
will support other inferences besides “no competition between the successor companies.** 
For example, it is conceivable that the histories of the snuff, tobacco, and petroleum 
crusts contained in U.S. Bureau of Corporations (1907 and 1909-15) overestimated both 
their market power and the extent of output restriction. If so, then the absence of negative 
effects from dissolution in the stock price data suggests that these industries were essen¬ 
tially competitive prior to 1912. Williamson and Andreano (1965) argue that such mis¬ 
conceptions arc prevalent in discussions of Standard Oil. The available evidence for all 
three defendants is reviewed in Burns (1975, pp. 12-36), and some of it is consistent with 
the conventional view. Thus the defendants controlled substantial shares of most industry 
branches: 


American Snuff 
(1900-1910) 


American Tobacco 
(1900-1910) 


Standard Oil 
(1899-1911) 


Snuff 

91% 

Cigarettes 

85% 

Kerosene 

80% 



Little cigars 

79 

Gasoline 

75 



Chewing 

77 

Waxes 

59 



Fine-cut 

74 

Fuel oil 

58 



Smoking 

69 

Lubricants 

47 



Cigars 

13 




U.S. Bureau of Corporations (1915, p. 2) and Williamson and Andreano (1965, p. 309). 
Likewise, the Bureau of Corporations reported that the purchase of American Tobacco 
common shares in 1890 would have generated income and capital gains by 1908 worth 
nearly 10 times their original cost at par, while the average manufacturing stock ap¬ 
preciated only 300 percent with reinvestment in the same period. Compare U.S. Bureau 
of Corporations (1911, pp. 37-38) and Cowles (1938, pp. 170-71}. Still, the evidence is 
incomplete and not altogether conclusive, especially since there were no artificial 
restrictions on entry into the snuff, tobacco, and petroleum industries. However a 
resolution of the conflict between “no succesor competition** and “no monopoly in the 
first place** is not crucial in this instance, because neither inference is particularly favor¬ 
able to the Justice Department. 

’ Sec Cox (1933, pp. 217-18), Nicholls (1951, p. 409), Stocking (1925, pp. 113-14), 
and Tennant (1950, p. 342). These and other studies of the tobacco and petroleum 
dissolutions arc summarized in Whitney (1958, 1; 101-B, and 2: 14-22). Stigler (1956, 
p. 505) presents a brief but highly critical evaluation of industry studies. 

* Dewey (1955^ pp. 247—48). See also Standard Oii Company of N.J. v, US.^ 221 U.S. 
76 and U.S. v. American Tobacco Gi., 221 U.S. 185. 
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TABLE I 

HiGtIUGtITS OF THK SnUKF, XoBACCO, AND PETROLEUM DISSOLUTIONS 
(December 1, 1911) 


l^Lssoluiion 

Ty|K- 

Number of 
Successor 
CA)mpani*cs 

Major 

Successors 

Geographic 

Division?* 

SnufT 

Parlition 

3 

American Snuff 
George W. Holme 
Weymari'Bruton 

Yes 

Ttthnrco 

Partition and 
divestiture 

11 

American Tobacco 
Liggett & Myers 

P. Lorillard 

R. J. Reynolds 

No 

Pclrolcuin 

Divc.stiiurc 

34 

Standard Oil (N.J.) 
Standard Oil (Cal.) 
Standard Oil (Ind.) 
Standard Oil (N.Y.) 
Standard Oil (Ohio) 

Yes 


Such* {'mx H'*'-}}, {» 2Ul, ’^f-KkiOK pp. WJ h9), a/i<l I'cnnani ()f)50, pp. 60 61), 

“ A K«"tfrajiliK r**|rrs i<t if»r <»f •vcpjir.ilc inarkriinK irrritorics. fach tlomuialed by one 

ii< < f'SMii ( nnipaiiN 


can he an important addition to the empirical research techniques of 
industrial organization. 

The di.s< ussion is organized a.s follow.s. Section II briefly describes the 
advantages anil limitations of a financial approach to trust-busting. A 
simple model ol dissolution is developed in Section III. It provides various 
formiila.s Ibr assembling the securities of each trust-successor group into 
portfolios that are comparable over time. Section IV describes the 
statistical tests o( the decrees’ competitive elfects, Section V analyzes the 
result.s, and Section VI presents some additional conclusions. 


II. The Case for Security Prices 

Slock and bond prices have two major advantages over such conventional 
mtasures of resourct, allocation as output, product prices, and accounting 
rates of return. In the first place, they permit a direct comparison of trust 
and successor performance. This is the best way to test the impact of 
dissolution, but it is not feasible with traditional methods because the 
data no longer exist in sufficient quantity. The history of the trust supplies 
benchmarks of any restrictive behavior, and economic theory predicts 
that increased competition will be accompanied by lower product prices, 
greater outputs, and reduced earnings. Ceteris paribus, these changes 
imply correspondingly lower monthly stock prices. Conventional per¬ 
formance measures usually rely on annual data, but here there are as 
many as 12 observations per year. Consequently, the outcome of each suit 
can be identified without extending the analysis to more distant periods 
where extraneous developments are likely to obscure the results. The use 
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of security prices also enhances the objectivity of the empirical tests, 
because observed capital values were determined by the buying and 
selling activities of shareowners with strong financial interests in correct 
judgments. Since there is no reason to believe that early-twentieth- 
century investors evaluated the decrees less accurately than modern 
economists, the present task is reduced to assembling the data properly 
and then selecting empirical techniques from corporate finance which 
will record the reactions of these traders to dissolution. 

On the other hand, stock and bond prices are notoriously volatile. Time 
series return distributions have large variances, and current stochastic 
models are obviously incomplete.’ As a result, the price behavior of trust 
and successor securities will reflect general market noise along with the 
influence of major developments in both the litigation and the re¬ 
organized industry. Fortunately, these random errors will tend to cancel 
out over time, and the magnitude of the problem can be reduced further 
by: (1) restricting the analysis of specific price changes to months where 
there is a strong a priori expectation of systematic effects; and (2) 
evaluating the significance of each test statistic against a distribution of 
equivalent values compiled for the securities of contemporary manu¬ 
facturing corporations. 


III. A Financial Model of Dissolution 

Trust-busting always involves a division of production among inde¬ 
pendent centers of authority and a simultaneous rearrangement of 
ownership claims for each class of securities. The defendant relinquishes 
some of its property while shareholders typically receive pro-rata allot¬ 
ments of successor stocks. Both transfers occur regardless of the actual 
procedures used to break up a convicted monopolist. Two common 
devices are; partition, the financing of new firms to operate the segregated 
assets of the trust; and divestiture, the forced distribution (usually as 
dividends) of shares in various subsidiary corporations. The distinction 
between property and claims transfers is important because the outcome 
of dissolution depends exclusively on the reorganization of factories, 
products, and markets—and not on the disposition of securities.*® 
Increased competition following the decree occurs when the successor 
companies have the capacity to sell close substitutes in contiguous 
territories but fail to maintain collusive agreements. These characteristics 
of the new industry are determined, at least initially, by the court’s 

’ Fama (1965, pp. 98-99) and Fama ct al. (1969, p. 7). 

‘ ’ Qualifications may be necessary when the exchange of shares drastically alters the 
distribution of stockholder control over the properties in litigation. However, the courts 
did not seriously dilute the voting power of the principal trust owners in the reorganized 
snuff, tobacco, and petroleum industries; see Bums (1975, pp. 17, 2+-25, 31, 181-83). 
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division of assets, and they arc unaffected by the capital 

firms involved in the litigation or the corresponding terms of share 

'"’'comparable portfolios of trust and successor securities can be assembled 
systematically from the valuation model lormulated by Schall (1972). 

In a perfect capital market with zero transactions costs and taxes, 
homogeneous expectations, and the opportunity to borrow and lend at 
the same intcre.st rate, his Proposition I (p. 13) ensures that the market 
value of a sum of income streams is equal to the sum of their market 
values.' ^ I hus, if A", refers to the expected earnings of the ith asset and 
I'j is its corresponding market value, then 2f — 5)^ AT^ implies 

H) 


in equilibrium. Schall also demonstrates (pp. 13-IB) that P is independent 
of both the covariance between separate components of the firm’s income 
and the relative risks of the activities which generate them, because 
traders can replicate, desired patterns of corporate diversification in their 
personal accounts. 

These results are easily applied to dissolution. Suppose there are N 
successor companies and let the subscript i = 0, 1, 2, . . ., Af denote 
individual firms, where i = 0, 1 for the trust and its direct successor, 
respectively. The financial changes accompanying partition do not alter 
group earnings, so 

N 

A'o = E A'.. 

1 = I 

Therefore the creation and cancellation of securities preserves the 
intrinsic total market value of the properties in litigation such that 

N 

t= 1 

Now define s «,•/>,• = market value of equity and D-, = n*pf = 
market value of debt, where p^ = price per share of common stock, 
;q = number of common shares outstanding, pf = price per bond, and 
«f = number of bond.s outstanding. Then = E, + D, = + 

nfp* for all j, and rearranging 


‘ ^ Identical results can be obtained with somewhat greater ctTort by using cither the 
risk class theory of valuation or the CAPM; sec Modigliani and Miller (1958), Hamada 
(1969), Schall (1972, p. 21, n. 17), and Burns (1975, pp. 41-55). 

* ’ The one item in this list which can be verified empirically is the assumption of zero 
taxes. According to Pcchman (1966, pp. 243, 245), the range of personal and corporate 
tax rates was only 0-15 percent and 0-2 percent, respectively, during the 1904-16 
sample period. 
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gives 



( 2 ) 


For pure divestiture write X, = {Xi — fj-n*) + r,«* where r, = bond 
coupon rate (in dollars), and let 0 < 0„ 9* < 1 be the trust’s prior 
fractional ownership of the respective equity and debt issued by the newly 
liberated subsidiaries, firms 2, 3, . . . , N. Then 


^0 = + Z 0,(X, - r,nr) + 0: 


r (III 


and (1) becomes 


n 

^0 = Vi + '£ {OiEi + ern,) 

1-2 

/>o + ^/>; =/-. + 0*^1 pi\ 

flQ Hq ,*2 L ^0 J 


( 3 ) 


since n, = no ”* = ”*• 

Equations (2)-(3) provide general formulas to make the transition 
between trust and successor securities on December 1, 1911. These 
portfolios duplicate the total market value of the defendants’ assets, and 
they take into account all required capital changes. The result in each 
case is a virtually complete set of comparable monthly data which 
surrounds the decree and reflects investor expectations of dissolution. 
The equations also can be combined for the joint imposition of partition 
and divestiture, but they must be adjusted for stock splits, debt retire¬ 
ment, etc., as discussed in Burns (1975, pp. 184—222). The only note¬ 
worthy adaptation is the elimination of American Tobacco’s (AT) prior 
ownership of American Snuff (AS). Rewriting (3) as 


Po + -p*o 

= r^o + -/>;i - r 

— [9nQpo + 9*nQp*]^g 

”0 J/(r-y<S 

”0 JAT L’ 

’’oj/ir 


gives the computed value of the tobacco portfolio without American 
Snuff. Equation (4) makes the empirical tests of snuff and tobacco 
securities independent of one another. 


rv. Tests of Competitive Effects 

Dissolution is one of several factors which influence the value of the 
portfolios in (2)-(3). A systematic determinant of monthly price changes 
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is the level of markettvide activity, and a popular form of the stochastic 
relationship between individual and market returns is 

Rj, = 

where R = the return during month t on thej th trust-successor portfolio 
as given'by (2) or (3); R„, = the corresponding rate of return for all 
storks; Pj = cov (Rj,RJla^(R„)\ and Cj, = random error. Equation 
(5j is consistent with the CAPM under the assumption that stock returns 
have a .stationary multivariate normal distribution.The slope co¬ 
efficient pj measures relative risk in the CAPM, and these values most 
.sum to unity when combined using the same weights that produce Rmr 
from the rcturn.s on individual securities. This market model underlies the 
following tests afcomprtilive effects based on developments in the litigation. 

'I he portfolio values in (2)-(3) will be revised upward or downward 
relative to the market average as new information about the firms be¬ 
come.? available to investors. Dissolution proceedings are accompanied 
hy Itiur events which generate the kind of new information that should 
have an impact on observed prices. They are; the filing of a Sherman Act 
complaint (in month /,), the Supreme Ciourt decision publication 
of the di.ssohition plan (fj), and the initial dividend declarations of the 
successor companies (ij. The significance of these events is fairly obvious. 
Tilt beginning of the antitrust suit and the final court decision ordering 
dhsolution create expectations that future profits will be reduced by 
intensified competition. Publication of the dissolution plan gives investors 
their first look at the new structure of the industry. This information is 
often sufficiently comprehensive to support inferences about probable 
conduct and performance effects.'* f'inally, the initial dividend an¬ 
nouncements reveal, however vaguely, both the actual experience of the 
successor companies as well as their forecasts of long-run earnings.' * 
Least-squares estimates of (.3) over the months preceding the complaint 

Rj< = '*; + ^jR„, + Uj, t = I, 2,..., - 1 (6) 

provide the desired l^cnrhmark of trust performance, as reflected in the 
prices of its securities, because (6) is unaffected by the litigation. ^ ^ There- 

’’See Fama cl al. (19G9, p. 4), Jordan (1973, p. 61J), and Lev and Manddker 
(1972. p. 96). 

The [inks between (5) and the CAPM arc discussed in Fama (1973). 

^ * For example, the summary of the snuff-lobacco dissolution plan published in the 
CFC (October 21, I9MJ, pp. 1122-24, identifies all 14 successor companies, the per¬ 
centage of each new firm owned by the principal trust stockholders, the expected market 
shares of the major successors in 1912, the product brands awarded to them, and the 
location of their factories. 

See Fama ct al. (1969, pp. 2-3) and the references cited therein. 

* ^ There is no evidence that news of the petroleum and snuff-tobacco complaints was 
leaked to the investment community prior to month (November 1906 and July 1907, 
respectively). The weekly "Intelligence Reports” of (he CfiV do not contain any infor¬ 
mation during the preceding 3 years which would have suggested that these prosecutions 
were imminent. 
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fore, the impact of those four events can be isolated from both market 
trends and the specific risk of the jth trust-successor portfolio by 
extrapolating ( 6 ) into subsequent months and computing the residuals 

= Rj, - {&j + ^jR„,) t = /„<, + 1- T (7) 

where T > < 4 .*® These values correspond to the market-adjusted capital 
gains and losses arising from new information.^* Previous discussion 
implies that 

< 0 ( 8 ) 

and the alternative investor evaluations of the dissolution plan and 
successor dividend announcements are 


< 0 : more severe than anticipated 
E[uj,J = 0: bad as expected (9) 

> 0 : better than expected. 


Since the four events may produce offsetting relative price changes, an 
appropriate test of the overall impact of trust-busting is 




2 : 0 : benign 
< 0 : competitive eflects. 


( 10 ) 


Non-negative residual sums indicate that capital gains during and <4 
tended to reestablish the predissolution relationship in ( 6 ) between trust 
and market returns. The results also can be displayed graphically for the 
period immediately surrounding each decree by calculating the cumulative 
residuals 




X = D«c. 1912 

E 

t » Jan. 1911 


( 11 ) 


This interval contains tj, and so major shifts in the trend of Oj, 
should coincide with the Supreme Court decision, publication of the 
dissolution plan, and the initial dividend declarations. 

The interpretation of (8)-(10) requires evidence that the snuff, 
tobacco, and petroleum residuals differ substantially from the ordinary 
experience of contemporary manufacturing corporations, because the 
litigation and its aftermath are not the only sources of new information 
which determine the relative price changes of trust-successor securities. 
The t 2 j.,’s in (7) are influenced by random events along with variables that 
were omitted from the market model, and these errors must be accounted 


This approach was first developed by Kama ct al. (1969, pp. 7-9). 

Let Rj, = In where Aj, is the value of the portfolio in (2) or (3) with 

reinvestment of all cash receipts in additional shares. Then (7) can be written as 

tljf = In Ajt — (In + ij + t ~ ti, ti + 1,..., T 

which is the najpral logarithm of the market-adjusted gain or loss brought on by new 
information in month t. 
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for jn the residuaJ tests. With this in mind, the calculations of Sections 
m-/v were repJicateci for the shares of 28 other industrial firms which 
satisfied the followinf; criteria: (1) the corporation issued both debt and 
equity; (2) these securities were listed continuously on either the outside 
market or the New York Stock Exchange fNVSE) between March 1904 
and Decernlicr 19J6; and (3) the firm was not subjected to bankruptcy 
or a major antitrust prosecution. Extrapolations of 


+ tt. 


< = I, 2, . . . , t, - 1 
c = 1.2 .28 


( 12 ) 


which is the control group equivalent of ( 6 ), generate approximately 
normal distributions of estimated residuals during tj, tj, and 
Consequently, the statistical significance of the t!j,’s in (8)-(10) can be 
evaluated against the mean and standard deviation of the corresponding 
distributions assembled from the securities of the 28 other companies. A 
full description of the control group is presented in the Appendix, along 
with a discussion of the cross-section independence and normality of the 
sample. 

Two potential limitations of the empirical tests should be mentioned 
briefly. First, the behavior of and may reflect the increased 
uncertainty of investors regarding the future of each trust as well as 
expectations of reduced earnings—since both the complaint and the 
decision create important issues which are temporarily left unresolved. 
This argument implies that capital gains could accompany publication 
of the dissolution plan and the successor dividend announcements solely 
because the events dispel uncertainty. Interpretations of (9) are clouded 
by the possible compounding of these effects, although ( 10 ) remains 
satisfactory because the residual sums incorporate all four events. Previous 
studies have not addressed this problem, and no empirical methods are 
available to cope with it. However, widespread panic during t^ and 
seems unlikely when traders have a vested interest in the dispassionate 
analysis ol new information. The other difficulty concerns the extent to 
which investors anticipated the major developments associated with 
dissolution, so that the corresponding price revisions actually occurred 
before tj, /j, and respectively. The tests in ( 8 )—(10) are inappro¬ 
priate if the complaint, decision, dissolution plan, and dividend an¬ 
nouncements were correctly forecast ex ante. This outcome seems remote 
in general, because there is no evidence of leakage from the litigation, 
and, in contrast to studies of purely flnancial events, there does not 
appear to be an alternative source of new information that would have 
consistently supported prior expectations. The issue can be largely 
resolved by examining the cumulative residuals in ( 11 ), since their trend 
should be relatively constant for r ^ and when anticipations 

arc negligible. 
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V. Empirical Results 

All rates of return were computed as the natural logarithm of the ratio 
of portfolio values with reinvestment during successive months: 

Rj, = \QQ \n and = ]00 In 

where Aj, = the value of thejth trust-successor portfolio (from [2] or 
[3]) in month I with reinvestment of all cash receipts in additional shares, 
and = the corresponding value of the Cowles Index of all common 
stocks, and likewise for R^,. It was necessary to simulate the reinvestment 
of cash distributions because A„, was constructed on this basis, as discussed 
in Cowles (1938, pp. 3-25). Ordinarily the procedure is a simple appli¬ 
cation of compound interest.^' 

The portfolio accumulations begin in March 1904 and usually end in 
December 1916, although the interval of primary interest is January 
1911-Decembcr 1912. All three defendants were well established prior 
to 1904, and there are at least 31 return observations for trust securities 
prior to the filing of a Sherman Act complaint. In order to synchronize 
the measurement of Rj, and R^, with R„„ the prices of shares listed on the 
NVSE were computed as the average, adjusted for dividends and other 
payments, of the monthly range published in the Bank and Quotation 


Cowles (1938, table C-I, pp. 168-69). Lorie and Hamilton (1973, p. 30) describe 
it as the “best” of the early stock market indices, and these are surveyed in Cowles (1938, 
pp. 437-48). The components of the Cowles Index arc weighted by their market values 
which increases the influence of the returns for large corporations relative to an index of 
equally weighted securities. Consequently the index of all common stocks (industrials, 
railroads, and public utilities) was selected to minimize the effects of an individual Rj, 
(or Re) on the value-weighted R^,. 

Suppose dissolution takes the form of partition and let 


Pj, = f/>0, + , i 

L riQ J 1 -1 Lfio no J 

= the price per share of the jth trust-successor portfolio from (2) 
Sjt = the number of portfolio shares owned in month i 


Cj. = L. -H , I 

L Ho J <•» L Ho no J 

= the cash receipt per share of ihejth portfolio 


where rjj and c* are the respective distributions per common stocks and debt securities 
outstanding during the previous month. Then Sj, = Sjj^i{\ + CjtjPjt) and Aj^ = 
jt where Sjq = 1.0. The adjustment of these formulas for stock splits, debt retirement, 
spin-offs, and subscriptions to new issues is described in Burns (1975, pp. 225-31). 

Detailed histories of Standard Oil and American Tobacco-American Snuff are 
presented in U^^Bureau of Corporations (IW7 and 1909, respectively). 
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TABLE 3 

Summary of Regression Results : 

Total Market Value Portfolios of 28 Other Companies 


Ranqe 

- Standard 


Period and Statistic 

Low 

High 

Mean 

Median 

Deviation 

April 1904-Junc 1907: 

. 

-2.281 

1.866 

0.404 

0.591 

0.989 

k . 

0.189 

1.822 

0.869 

0.835 

0.454 

R> . 

.039 

.688 

.379 

.396 

.165 

F . 

1.51 

81.77 

27.28 

24.21 

19.44 

d . 

1.05 

2.29 

1.66 

1.67 

0.322 

April 1904-Octobcr 1906: 

•Sf. 

-2.096 

2.088 

0.424 

0.562 

1.122 

k . 

0.147 

2.418 

0.872 

0.763 

0.553 

. 

.015 

.609 

.283 

.266 

.161 

F . 

0.45 

4.5.10 

13.77 

11.46 

11.24 

d . 

1.00 

2.35 

1.65 

1.68 

0.332 


Supplement lo the Commercial and Financial Chronicle.^^ Certain other stocks 
were listed only on the outside market and were not traded regularly. 
The prices of these securities were computed as the adjusted average of 
the bid and ask quotations during the first and fourth week of each 
month. Both methods of compiling observed prices typically create a 
30-day lag in the full response of portfolio values to particular events, 
and the residuals in (8)-(10) must be accumulated accordingly. No 
prices exist for August-December 1914 (NYSE closed), and none are 
available for the successor companies during December 1911-February 
1912 (exchange of shares). Moody's and Poor's industrial manuals supplied 
the remaining data on cash distributions, shares outstanding, and trust 
stock holdings. 

Table 2 presents the least-squares estimates of (6) for the trust port¬ 
folios, and table 3 summarizes the corresponding results from (12) for 
the control group. Every ^ has the expected positive sign and 86 percent 
(51/59) of them are statistically different from zero at the 95 percent 


The use of mid-range sale prices is essential because the Cowles Index was derived 
from them, as were the majority of stock market averages which include the sample 
period. In addition, none of the alternative indices arc comparable to A„j for coverage 
of NYSE securities; see Cowles (1938, pp. 5, 17, 437—48). However, this convention 
raises a problem in that the research on security returns has been carried out almost 
exclusively with daily or end-of-month data, so the recognized properties of market model 
regressions may not be strictly applicable to the coefficient estimates presented in the 
text. But potential discrepancies are unavoidable anyway, because previous studies also 
focused solely on the behavior of common stock returns in more recent periods than 
190^16; see Fama (1965, p. 45), Fama and MacBeth (1973, p, 614), Fama ct al. (1969, 
p. 3), Blattberg and Gonedes (1974, p. 261), and Martin and Klemkosky (1975, pp. 82- 
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confidence leveJ. These resuits are especially robust in light of the fact 
that the total market value portfolios generally contain l^ge amounts of 
debt, which tends to reduce estimates of specific risk. There is no 
indication of heteroscedasticity in the scatter diagrams ofand on 
and the Durbin-Watson statistics show little evidence of auto¬ 
correlation. In short, tables 2-3 support the view that market trends 
exert a major influence on the returns of individual securities.^® 

Table 4 presents the reactions of investors to the new information 
generated by the litigation, and the residual patterns are fairly similar 
in all three cases. The filing of complaints against Standard Oil and 
American Tobacco in November 1906 and July 1907, respectively, 
produced negative and statistically significant departures from previous 
relationships between trust and market returns—as traders began 
anticipating dissolution and revising prices downward. This event re¬ 
duced the value of snuff, tobacco, and petroleum securities by 9-16 
percent. Further declines followed the Supreme Court decision in 
American Tobacco on May 29, 1911, when the government’s victory 
reinforced earlier fears in the financial community. Allowing for market 
trends, the aggregate value of snuff securities fell more than 20 p>crcent, 
while the prices of tobacco shares declined by almost 8 percent. Both 
reductions are significant at the 95 percent level. In contrast, the 
petroleum residuals are quite small during May and June 1911, probably 
because the Supreme Court opinion contained a relatively benign 
dissolution plan.^* 

'Fhe declining prices of trust securities were subsequently reversed by 
news of the reorganization in each industry. Publication of the snuff and 
tobacco dissolution plans in October 1911 pushed the prices of American 
Snuff shares upward by almost 10 percent relative to the market average. 

An additional gain of 15 percent followed the first announcement of 


Prcv;.)us studies indicate that distributions of daily stock returns exhibit longer tails 
than the normal, although conventional statistical testing with an assumption of ap¬ 
proximate normality is still appropriate; see Fama (1965, pp. 4Z-55), Kama and 
MacBeth (1973, pp. 619-24), and Fama el al. (1969, pp. 6-7). Blattbcrg and Gonedes 
(1974) report that the Student t distribution explains these thick tails, and this result 
implies that monthly return distributions will be approximately normal. 

” When (12) was estimated over April 1904-June 1907 for the common stocks in the 
control group, the mean increased more than 60 percent to 1.452 with a standard 
deviation of .556. 

** Similar results were obtained from a sample of 622 common jtocks by Fama et al. 
(1969, pp. 3-6). They performed 940 estimates of (5) and found a mean equal to .894 
with a standard deviation of .305. The mean R* was .399. They also reported no evidence 
of heteroscedasticity, nonlinearity, or serial dependence. 

Market-adjusted price changes reported as percentages in the text are equivalent 
to the corresponding residual entries in table 4, because logarithmic and percent trans¬ 
formations of portfolio values yield approximately the same results for changes of less 
than 15 percent; see Blattberg and Gonedes (1974, pp. 252-53). 

“ Standard Oil Company of N.J. v. U.S., 221 U.S. 77-82 (1911). 
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TABLE 4 

Estimated Residuals : Trust Portfolios of Total Market Value 


Trust and Event 

Month(s) 

Residuai-(s)* 

Control Group 
Residual 
Distribution 

Standard 
Mean Deviation^ 

Snuff: 

Complaint. 

July 1907 

-10.840* 

-0.945 

2.558 

July, August 1907 

- 11.393* 

-1.435 

5.327 

Decision. 

June 1911 

-20.854* 

-0.344 

3.756 

Dissolution plan. . . . 

October 1911 

2.493 

-0.867 

3.699 

October, November 1911 

9.790t 

-2.398 

5.031 

Preferred dividends 

March 1912 

-3.296 

3.276 

7.656 


March, April 1912 

-2.700 

5.071 

9.348 

Common dividends 

June 1912 

6.950t 

-0.940 

3.334 


June, July 1912 

15.05 It 

-1.246 

5.870 

All . 

July, August 1907 

June 1911 

October, November 1911 
March, April 1912 

June, July 1912 

-10.106 

-0.353 

18.988 

Tobacco: 

Complaint. 

July 1907 

-6.328* 

-0.945 

2.558 

July, August 1907 

-16,096* 

-1.435 

5.327 

Decision. 

June 1911 

- 7.809* 

-0.344 

3.756 

Dissolution plan.... 

October 1911 

-0.329 

-0.867 

3.699 

October, November 1911 

4.373 

-2.398 

5.03r 

Preferred dividends 

March 1912 

12.612 

3.276 

7.656 


March, April 1912 

14.482 

5.071 

9.348 

Common dividends 

May 1912 

1.308 

2.049 

4.428 


May, June 1912 

7.9998 

1.109 

4.605 


May, June, July 1912 

9.7068 

0.803 

6.011 

All . 

July, August 1907 

June 1911 

October, November 1911 
March, April 1912 

Mav. Tune, lulv 1912 

4.656 

1.705 

21.071 

Petroleum: 

Complaint. 

November 1906 

-6.473* 

-0.727 

2.707 


November, December 1906 

-9.02 It 

-0.845 

5.364 

Decision and 

dissolution plan. . 

May 1911 

-0.218 

-0.410 

2.746 


May, June 1911 

-1.871 

-0.779 

5.447 

Common dividends 

March 1912 

35.229t 

3.247 

7.706 

All . 

March, April 1912 

37.427t 

5.013 

9.284 

November, December 1906 
May, June 1911 

March, April 1912 

26.5358 

3.389 

14.122 


• Thr residuali arc accumulated over fuccewive months because the impact of a particular event on tniit 
and successor security prices ordinarily is carried over into the following month Thus the residual entry for 
July. August 1907 is + Cj,ti ♦ iand it is (tfyr, + «^}) f®** October, November 1911, etc. 

^ Computed as [(1/27) {Hct ~ for the corresponding month(s). An adjustment for the 

control group residual distributions is described in the Appendix 
Statistically significant at the 95% confidence level on a one-tailed test 

I Statistically significant at the 90% confidence level on a one-tailed test 

{ Statistically significant at the 95% confidence level on a two-tailed test. 

9 Statistically significant at the 85% confidence level on a twotailed lest. 
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ciivide-nd. on the common stock by all three successor companies during 
June 1912. These advances are statistjcally significant at the 95 percent 
level of confidence. The absence of price data for December 1911- 
Frbruary 1912 makes the tobacco residuals more difficult to interpret, 
and the problem is compounded by the fact that the major successors did 
not announce their initial common dividends in the same month. 
However, the 9 percent cumulative advance in the prices of tobacco 
securities during the spring of 1912, resulting from dividend payments by 
American, Lorillard, and Reynolds, is significant at the 85 percent level. 
But by far the greatest increase in relative prices coincided with the 
dividend announcements of the Standard Oil successors. Fifteen of these 
companies, representing 75 percent of the petroleum portfolio in March 
1912, declared at least one common dividend between November 1911 
and April 1, 1912. The result was a market-adjusted inerease of more than 
one-third in the value of Standard Oil stocks during this period. 

'1 he offsetting signs of the relative price changes that surround 
October 1, 1911 produce residual sums from (10) which arc either positive 
or insullicicntly negative. Thus, table 4 indicates that investors evaluated 
the snuff, tobacco, and petroleum dissolutions as “better than expected” 
and ultimately “benign” in their competitive effects. 

An intuitive explanation for these residual patterns is that previously 
adverse foreca.sts of group profits were made obsolete by the new infor¬ 
mation disclosed in the dissolution plan and/or the dividend declarations 
of the successor companies. Clonsequenlly, prices throughout the summer 


Ai noted previously in this section, the prices of .snufT, tobacco, and petroleum 
•securilics do not exist for IJecember 1911-Fcbruary 1912, due to the exchange of shares 
accompanying each dissolution. These data are available for the 28 other companies, 
but the prices must be deleted so that their residuals correspond to those of the trusts and 
successors. Consequently, (7) treats November 1911 and March 1912 as adjacent months 
when calculating all of the estimated residuals. This procedure increases the variance 
within the control group distributions lor March 1912 relalive to that in any other single 
month, as ran be seen in table 4, There is no problem in evaluating the snuff and petro¬ 
leum residuals for March and April 1912, bttcause the former are quite small, while the 
latter are sufficiently large to overcome the increased dispersion of the control group 
distributions. But the corresponding tobacco residuals also are substantial, and table 4 
suggests that they might have been statistically significant at an acceptable level under 
more favorable circumstances. These values presumably reflect the information content 
of the successors’ preferred dividend announcements, as well as the initial declaration of 
common dividends by R. J. Reynolds m December 1911. The major tobacco successors 
announced the following dividends payable to common stockholders (per share owned) 
during their fir^t year of independent operation: Reynolds—December 1911 ($3), 
June and December 1912 ($.3 each); American—May, August, and November 1912 
($2..50 each); Lorillard—June and .September 1912 ($2.50 each), December 1912 ($5); 
and Liggett & Myers—November 1912 ($3); sec four’s Manual of Industrials, 1913, pp. 
4.56, 996, and CFC (March 20, 1912), p, 921, (June 15, 1912), p. 1607, (November 2, 
1912), p. 1175, and (December 14, 1912), p. 1588. 

Dividend announcements are apparently not proxies for alternative sources of new 
information. The weekly “Intelligence Reports” of the CFC do not contain interim 
earnings statements for any successor company during the first 7 months of 1912. 
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Fio. 1.- Cumulative residuals from the snuff portfolio of total market value, January 
1911-December 1912. 


of 1911 were below levels consistent with reorganizations that were no 
longer expected to threaten discounted earnings per share. As investors 
sought to acquire these securities at bargain prices, they bid up their 
value until the yield from successor stocks after the initial dividend an¬ 
nouncements was approximately equal to the yield on the corresponding 
trust shares immediately following the Supreme Court decisions. 

The cumulative residuals from (11) are presented in figures 1-3 for 
the snuff, tobacco, and petroleum companies, respectively. The break in 
each trend marks the transition between a trust and its successors. The 
general picture is one of capital gains during the first half of 1912 
eliminating previous losses from the complaint and decision—and sending 
each series toward a new plateau which reflects record prices by the end 
of the year. This result is quite dramatic in all three cases, but otherwise 
there are some individual differences. Figure 3 shows the negligible 
impact of the Standard Oil decision as Ojr is relatively constant throughout 
1911. Likewise, a comparison of figures 1-2 indicates that the tobacco 
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> 10 . 2. — C^umulalivc rrsiduals from the tobacco portfolio of tola! market value, 
January 191 l-lJcc.rtnbcr 1012. 


opinion imposed losses on American Snuff stockholders that were more 
immediate and proportionately greater than the price declines of 
American Tobacco securities. They also contain two possible instances of 
the modest anticipation of subsequent events; the rising trend during the 
month prior to <4 (May 1912) in figure 1, and the capital gain 2 months 
before <3 (August 1912) in figure 2. However, all three sets of cumulative 
residuals suggest that such advances were not uncommon in 1911-12 
because of random errors in the market model. 

VI. Conclusions 

Subject to the qualifications noted in both Section IV and the Appendix, 
the evidence indicates that investors were pleasantly surprised by the 
dissolutions of American Snuff, American Tobacco, and Standard Oil. 
Empirical tests of the stock price revisions accompanying important 
developments in the litigation imply that each decree merely legitimized 
prevailing rates of output restriction and excess profits. Of course, in later 
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Fio. 3.—Cumulative residuals from the petroleum portfolio of total market value, 
January ISlI-December 1912. 


years competitive forces might have intensified in these industries due in 
part to the dismantling of the snuff, tobacco, and petroleum trusts. But 
astute traders would have anticipated this contingency in 1911-1.2, and 
evidently they decided it was remote enough not to affect the value of 
discounted earnings per share. 

The correspondence between these findings and the conclusions of the 
dissolution literature means that little can be added to previous recom¬ 
mendations for more effective trust-busting. Certainly the courts should 
try to avoid geographic divisions and small numbers of successor com¬ 
panies, since these alterations do not produce visible changes in resource 
allocation. It also seems clear that judges have experienced undue and 
largely self-inflicted agony over the fate of “innocent” shareowners, 
because dissolution, as historically practiced, does not reduce capital 
values. 

On an analytical level, security prices appear quite sensitive to new 
information with antitrust implications. This characteristic, along with 
their widespread availability and the development of empirical modek in 
finance, makes them a potentially useful data source for industrial 
organization and perhaps other fields as well. Among further applications 
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TABUE A1 


Twenty-eight Manufacturing Corporations 


Company (Abbreviation) 


Primary Outputs 


American Agricultural Chemical (AAC) 

American Beet Sugar (ABS) . 

American Car & Foundry (AGF). 

American Cotton Oil (AGO). 

American Hide & Leather (AHL) . ... 

American Linseed (ALIN). 

American Locomotive (ALOC). 

American Malting (AM) . 

American Smelting & Refining (ASR) . . 

American 1 ype Founders (ATF) . 

American Woolen (AW). 

American Writing Paper (AWP). 

Borden’s Condimsed Milk (BCMl. 

Crucible Steel (CS) .. 

Distillers Securities (DS). 

fieneral (.Chemical (OC) 

International Paper (IP) . 

National Biscuit (NB). 

National Enameling & Stamping (NES) 

National Lead (NL) . 

Oils Elevator (OF.). 

Pressed St<*el Car (PSC) . 

Railway Steel Spring (RSS). 

Republic Iron & Steel (RIS). 

Union Bag 8c. Paper (UBP) . 

U.S. Cast Iron Pipe & Foundry (USCIP) 

U.S. Rubber (USR). 

Virginia-(’.arolina Chemical (VCC). 


Fertilizer, glue, and gelatine 
Sugar 

Freight and passenger cars 
Cotton seed products 
Meat and leather 
Linseed oil and varnish 
Locomotives 
Beer 

Metal products 

Printing machinery and type 

Wool products 

Stationery and envelopes 

Evaporated milk and candy 

Steel products 

Liquor 

Chemicals 

Lumber, wood pulp, and newsprint 
Biscuits and crackers 
Metal products 

Lead products and vegetable oils 
Elevators and lifts 
Freight cars 

Steel springs and related products 
Steel products 

Pulp, paper, and paper bags 
Iron pipe and steel products 
Rubber products 
Chemicals and fertilizer 


of slock prices, tme which may be especially promising is a study of the 
economic impact of prosecutions under section I of the Sherman Act.^^ 
'I'hcrc are a large number of these cases, and it is conceivable that 
restraints against collusive agreements have often been as innocuous as 
the remedies imposed for illegal monopolization. 


Appendix 

The 28 companies in the control group are listed in table A-1. The sample 
contains every manufacturing corporation which satisfied the selection criteria 
described in the text,^^ Table A1 includes some of the largest manufacturing 
firms of the early twentieth century, along with other companies that dominated 
their respective industries. I'hus some of these corporations were comparable to 

The study of section 1 enforcement by EJJcrt (1975, pp. 89-101) represents an 
excellent start in this direction. 

Since the stock prices are not on the CRSP tapes, the selection was restricted to 
levered firms in order to reduce the expense of collecting data for both the present study 
of total market value and future tests of individual debt and equity shares. All but one of 
the debt securities in the control group are preferred stocks. 

Compare Table A! with the lists in Collins and Preston (1961, pp. 1005-11) and 
Scherer (1970, pp. 48, 105-6). 
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TABLE A2 

Summary of Residual Correlation Coefficients for 
Twenty-eioht Other Companies 


Number Number Range 

of Selection of - Standard 

Firms Process Correlations Period Low High Mean Median Deviation 


13 .. 

Competitors 

11 

I 

-.058 

.306 

.160 

.186 

.122 




II 

-.071 

.313 

.153 

.147 

.141 

7... 

Random 

21 

I 

-.230 

.292 

.097 

.124 

.165 




11 

-.127 

.465 

.104 

.118 

.136 


Note,—P rnml I '-■» Novmiber }906-J)ectffi>>>**F- 1916. prntxl JJ = JuJv J907-Dert*n)bfr J9J6 


American Snuff, American Tobacco, and Standard Oil in terms of either absolute 
or relative size. Complete sets of monthly portfolio values are available on request. 

Table A-1 covers a fairly broad range of manufacturing activities, but certain 
industiies are more heavily represented than others; there are four corporations 
producing railway equipment (ACF, ALOC, PSC, and RSS); three in chemicals 
(AAC, GC, and VCC); three in steel products (CS, RIS, and USCIP); and two 
each in fabricated metals (ASR and NES), linseed oil (ALIN and NL), and paper 
products (IP and UBP). This listing may not be exhaustive, and the over- 
representation of these industries raises questions about the degree of cross-section 
independence within the control group distributions of (8)-(10). In particular, 
substantial correlations between and ci ^ cz, tend to increase the 
variance of those distributions and thereby reduce the confidence levels of the 
results presented in table 4. 

Since it is impractical to compute standard deviations that account for all 378 
covariances among the 28 firms, the following procedures were used to quantify 
the extent of cross-section dependence and lessen its influence on the statistical 
tests. First the <i^,’s generated by (12) were correlated for the 15 pairs of potential 
rivals during each of the periods November 1906-December 1916 (period I) and 
July 1907-Dccembcr 1916 (period II). Then the calculations were repeated for 
21 company pairs in two groups of seven firms chosen at random from table A-1. 
Four pairs of likely competitors were identified with highly correlated residuals: 
ACF-PSC (I: .425, II: .494); ALOC-PSC (I: .548, II; .565); RSS-PSC (I: .398, 
II: .389); and IP-UBP (I: .520, II; .552). Note that three of them involve 
Pressed Steel Car. The other correlation coefficients were usually much smaller, 
as shown in table A2. The results indicate that residual dependence should not 
be entirely ignored, but also that it is concentrated in PSC and either IP or 
UBP. 

These two sources of relatively large covariance were eliminated by recomputing 
the summary statistics of the residual distributions in table 4 for a 26-firm control 
group, after deleting PSC and either IP or UBP on a random basis. Of course 
this procedure docs not account for all the residual dependence in the sample, 
but it is preferable to no adjustment whatever, and it tends to raise the standard 
deviations—as would be expected with a full correction for generally positive 
covariance. However the increases were not sufficient to alter the confidence 
levels of any trust-successors residual test in table 4, because the significant 
entries are themselves quite large in absolute value. Consequently, that table 
presents the distribution summaries for the entire sample of 28 corporations. 

The normality of the control group residual distributions was evaluated with a 
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Kolmogorov-Smirnov (KS) lest for goodness of fit.** This test is primitive 
because tiie parameters of each distribution were estimated from the data. How¬ 
ever, the results strongly supported the assumption of normality: using either the 
26- or 28-firm sample, the KS statistic was insignificant at the 93 percent level 
for 20 of the 21 separate distributions summarized in table 4. 
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Capital Punishment and Deterrence: 
Some Further Thoughts and 
Additional Evidence 
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Investigation of the deterrent effect of capital punishment has im¬ 
plications far beyond the propriety of execution as punishment since it 
concerns the general question of offenders’ responsiveness to incentives. 
This study challenges popular allegations by earlier researchers denying 
the deterrence hypothesis. The empirical analysis based on cross- 
sectional data from the U.S. corroborates my earlier analysis of the time 
series. Findings indicate a substantial deterrent effect of punishment on 
murder and related violent crimes and support the economic and 
econometric models used in investigations of other crimes. Distinctions 
between classes of executing and nonexecuting states are also examined in 
light of theory and evidence. 


The importance of determining the deterrent effect on crime of various 
punishments is one of the few issues concerning deterrence that is not 
controversial. The problem of deterrence is encountered in all socially 
disapproved behavior, but it has a natural and dramatic significance with 
respect to the crime of murder. The present essay will examine the 
evidence on the cross-sectional patterns of murder and execution in 1940 
and 1950, both as an illuminating source of information on the problem 
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of deterrence and as a supplement to my earlier study of the time series.* 
The cross-sectional studies on balance reinforce the findings of the 
substantial restraining effect on murders of punishment in general and 
capital punishment in particular. The specific results obtained are con¬ 
sistent with sharp predictions emanating from the deterrence theory. 

I deal here with the relationship between estimates of the murder rate 
and the conditional probability of execution, but the present investigation 
explores more fully than the previous study the nature of deterrence. The 
time-series analysis was based on a small number of observations, whereas 
the present analysis uses a larger body of independent, cross-sectional 
data relating to different states in the United States. The cross-sectional 
data include estimates of severity of imprisonment for murder and other 
crimes, missing from the time scries, and provide useful information on 
additional relevant variables. While the time-series analysis deals with 
aggregate data relating to both executing and nonexecuting states, the 
cross-sectional statistics allow separate investigation of the subsets of 
executing and nonexecuting states and other groupings. The more 
complete data on punishments imposed for other crimes also permit a 
partial investigation of the interaction between murder and related 
violent crimes and thus provide for a somewhat more complete assessment 
of specific deterrent effects. The cross-sectional data from 1940 and 1950 
are advantageous also because they relate to years in which the level of 
enforcement of capital punishment in executing states appears to have 
been sufficiently high and variable to permit a meaningful statistical test 
of the hypothesis of no deterrence. And the general uniformity in the 
reporting of crime rates in 1940 and 1950 permits some testing of tem¬ 
poral as well as cross-sectional homogeneity. In contrast, however, data 
exigencies unique to the croxs-scctional samples have at this stage pre¬ 
cluded utilization of the relatively more sophisticated estimation tech¬ 
niques employed in my earlier investigations. 

Some economists may feel that a study of murder is of little relevance 
for the purpose of testing the economic approach to criminality. Indeed, 
my main concern is the general question of offenders’ responsiveness to 
incentives, an issue I have investigated in earlier studies by stressing other 
crimes and different punishments (see Ehrlich 1974). I return to the 
seemingly narrower study of murder both because of the presumed 
relative superiority of murder statistics and because I find no compelling 
reason to expect perpetrators of crimes of passion necessarily to be less 
responsive to incentives than perpetrators of crimes involving material 
gains only. Those with a greater proclivity or “taste” for violence are 
indeed more likely to commit assault or murder than others, given the 

' Ehrlich (1975a, 1975i). A more complete critical review of the literature on the 
deterrent effect of capital punishment will be included in a forthcoming monograph 
on the topic. 
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same objective motives and equal prospects of punishment. However, 
they need not be less responsive to changes in these factors. Inelasticity of 
demand is not necessarily an increasing function of the extent of demand 
at given income and prices. Being emotional does not preclude the ability 
to make self-serving choices. Even if control over actions is foregone 
temporarily during the commission of crime, the prospect of punishment 
through public or private sanctions still may prevail upon individuals to 
avoid situations in which “loss of control” is likely to occur. And if 
rational people fear death more than other punishment, the death penalty 
should have the greatest deterrent effect. Conclusions reached in research 
concerning the abhorrent crime of murder, which some criminologists 
consider a special form of deviance, thus can shed important light on the 
relevance of the economic approach to crime and to human behavior in 
general. 

The plan of the paper is as follows: Section I discusses some analytical 
issues unique to this study. Section II presents an econometric in¬ 
vestigation of cross-state variations in murder and related crimes and 
analyzes the results. Section III examines data on differences in offense 
rates, conviction risks, and sanction levels across executing and non¬ 
executing states and analyzes these data in light of a model of optimal 
demand for public law enforcement. A brief comparison with previous 
findings is offered in the concluding section. 

I. Analytical Considerations 

The general model underlying the research into punishment and 
deterrence continued in this paper concerns three major structural 
relations comprising a system of crime and law enforcement: supply of 
offenses, demand for enforcement activities, and production of means of 
deterrence and prevention. Data exigencies and other related problems 
sharply limit at this point the opportunities for an effective investigation 
of this general system. As did the preceding time-series study of murder, 
the present investigation focuses on analysis of supply of offenses. The 
discussion in this section sets the stage for the pursuant empirical in¬ 
vestigation. Considerations relevant to demand for enforcement, including 
imposition of the death penalty, are briefly discussed in Section III. 

A, Deterrence Variables as “Prices" 

If the decision to commit murder and other related crimes is considered 
to be the result of an independent cither/or choice among alternative 
actions by a potential offender in a g[iven period, then murder would be 
expected to occur if the expected utility from committing murder to that 
person 17* exMcds the expected utility from alternative pursuits. Let the 
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outcome of murder consist of the three consumption prospects C(o), 
C{m), and C(,d) relating to three mutually exclusive states of the world: 
no punishment, entailing no imposed costs; imprisonment, entailing the 
(discounted) cost of m “dollars”; and execution, entailing the larger cost 
ol'd.^ Assuming that the utility function is bounded, the expected utility 
from murder to the perpetrator is then given by 

= (1 - P^){nC(o)] + {Pc - Pe)U[C{m)] + PeU[C{d)], (1) 

where Pc — Pe = Pm = Pc{l — Pe\c) and Pe = Pc Pe\c define, respec¬ 
tively, the conditional probabilities of imprisonment and execution 
(given crime), and Pe\c defines the conditional probability of execution, 
given conviction. Equation (1) establishes the role of the exhaustive set 
of deterrence variables Pm, Pe, m, and d, or alternatively. Pc, Pe, m, and 
d a.s “prices” or negative rewards for murder. The latter set of prices is 
of particular interest in this analysis, since the effect of an increase in Pe 
given Pc measures the differential impact of execution relative to im¬ 
prisonment rather than that of execution relative to no punishment. 
Moreover, one may infer not only the signs but also the ranking of the 
partial elasticities of with respect to the independent components of Pc 
and Pe.^ 

Spe Pole > ^Pe\c Pc = fiPfPe >0; > 0) (2) 

where Sj j = — {dU*/di){ilU*), with j and the remaining relevant 
deterrence variables held constant.'* 

'I’he decision to commit murder may be affected, however, not only by 
own “prices” hut also by the costs and rewards associated with related 

^ 1 WO additional basic hazards should be recognized in connection with murder and 
other related crimes One is death through legal intervention by police. The other involves 
similar detriments through private sanctions such as lynchings. Incorporation of these 
events formally in equation (1) would not affect the implications stated in equation (2) 
if the additional events are defined to be independent of events originally summarized 
in equation (1). Empirically it may be important, however, to control for the prob¬ 
abilities of these other events if their levels are systematically related to those of deterrence 
and other explanatory variables. While the annual number of reported lynchings in the 
United States declined to negligible magnitudes after 1935 (see the Historical Statistics 
of the United States from Colonial Times to 1957 [U S. Bureau of the Census 1960, p. 218]), 
the total number of annua] homicides inflicted through police intervention has exceeded 
that of executions in recent decades (282 homicides relative to 81 executions in 1950; 
412 honucidcs relative to no executions in 1971; sec Vital Statistics of tfie United States 
[U.S. Department of Health, Education, and Welfare 1953, 1975]), However, such 
homicide data arc not classified by the type of crime leading to their perpetration, nor 
are any statewide data available prior to 1949. A test 1 have conducted in connection 
with the effect of a measure of the risk of death through police intervention on the rate of 
violent crimes in 1950 is briefly discussed in Section II (sec n. 24). 

* Focusing on the role of the independent components of deterrence variables has an 
analytical advantage in that these are produced separately through distinct law enforce¬ 
ment activities. They may thus be thought of as the relevant objects of choice from the 
viewpoint of the demand for optimal enforcement (see Section 111). 

The identity = ep,.pc follows from the definition of Fe as a product of Fc 

and Fe\c. For this reason the theory also implies that erc-r«|c ^ ^Pe-pe + 
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crimes such as aggravated assault and robbery. These related crimes 
could be either “substitutes” or “complements” with murder. It is 
conceivable that an intended act of robbery or assault may result in, and 
thus be classified as, murder in the event the victim is fatally injured. 
Let n be the probability that an intended robbery results in murder and 
assume, for methodological simplicity, that an offender guilty of murder 
cannot be convicted of a lesser offense. The expected utility from robbery 
is then 

u* = /t(i - p<r'-)V[C''”{o)] + (1 - ,,){\ - Pc')U[C'(o)] 

3) 

+ (1 - M)P^U[C'(r)] + + /tPe""/7[C'’"'(d)]. 

In equation (3) Pm™ = Pc™(l - P™e|c), and Pe'” s Pc"'P«lc"", 
denote the probabilities that a robber guilty of robbery-murder will be 
punished through imprisonment or execution, respectively; PP denotes 
the probability of conviction of “simple” robbery, for which imprison¬ 
ment (f) is the only penalty; and C"' and C' designate the consumption 
prospects in case robbery results in murder or in a simple robbery only. 
If /I were fixed by nature and if robbery were not a close alternative to 
murder as an expression of malevolence, then robbery and murder would 
be “complements” in the sense that an increase in the set of prices for 
murder including the risk of execution would have similar deterrent effects 
on robbery as well.* Similarly, an increase in deterrence variables for 
murder, or a decrease in relative financial gains from robbery, would 
“deter” robbery. Like considerations apply in connection with assault. 

But substitutability relations among murder and robbery or assault can 
also be predicted on theoretical g^rounds. Assault may be the closest 
alternative to murder as an act of malice. To the extent that the two 
activities are independent (“/t” is subject to control), an increase in 
the own price of murder might enhance the incentive to “produce” 
assault. A similar consideration applies in connection with a potential 
trade-off between the commission of robbery-murder as opposed to a 
simple robbery. The net effect of a change in, say, the risk of execution for 
murder on the frequency of robbery and assault must therefore be settled 
on empirical grounds. 

B. The Effects of Other Variables 

Whether the expected utility from crime exceeds that from the relevant 
alternative depends upon the relative rewards as well as the relative 
prices. In most cases of murder the rewards are expected to be largely 
psychic, depending on such intangibles as hate or thfe degree of social 
interaction (see Ehrlich 1975a, pp. 399, 412). By contrast, the cost of 

’ The elasticities of U\ with respect to Be”" and Be|c"" will be “weighted,” however, 
by It. 
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imprisonment would be an increasing function of the opportunity cost 
of time which, for most potential offenders, is derived from legitimate 
earning opportunities. Moreover, relative legitimate and illegitimate 
opportunities may affect even the frequencies of murder and assault 
because of the interdependencies between these crimes and robbery or 
other crimes against property. Indirect proxies for such economic 
variables—the level and distribution of income—which were developed 
and tested in previous investigations (Ehrlich 1974, 1975a) will be 
examined in this analysis as well. 

The interdependencies among murder, assault, and robbery are 
determined not only through the effects of prices and relative rewards, 
however, but also through the influence of medical technology and the 
c;ost of saving lives as well as the technology and cost of deadly weapons. 
These factors are relevant because they can influence the probability 
that a murderous attack such as aggravated assault results in the death 
of a victim. The probability of nonsurvival thus determines in large 
measure the probability that aggravated assault results in murder (the 
analogue of g in eq. [3]). That the effect of medical technology on the 
incidence of murder in different areas over the period under investigation 
may be significant relative to advances in the technology of deadly 
weapons is indicated by significant and systematic variations in the ratio 
of murders to the sum of aggravated assaults and murders g = A// (M + A), 
which is a rough indicator of nonsurvival risks in murderous attacks. 
The ratio of murders relative to all aggravated assaults and robberies also 
is presented. Table 1 shows that all rates have decreased between 1940 
and 1970 and that nonsurvival risks in urban areas are lower than those 
in rural areas, although the differences have narrowed over time possibly 
because of the trends toward equalization of medical and hospital care 
(see Pashigian 1973). This analysis provides an independent justification 
for introduction of family income, indicators of relative poverty, and even 
the degree of urbanization among the set of variables accounting for 
state-wide variations in murder rates. Clearly, the quality and extent of 
utilization of medical and hospital care are functions of income and 
vary systematically across urban and rural areas and different racial 
groups (sec, e.g., Aday and Anderson 1975). 

C. The Empirical Supply-of-Offenses Furution 

The model presented in Part A of this section does not yield definitive 
implications concerning the form of the individual supply-of-offenses 
function. The form of the aggregate function, in turn, depends on that of 
individual functions as well as on the personal distribution of psychic 
returns for crime if the magnitudes of deterrence variables and other 
determinants of pecuniary net rewards were perceived to be the same by 
all persons. Several considerations imply, however, that for the purptosc 



CAPITAL PUNISHMENT AND DETERRENCE 


747 


TABLE I 


Estimates of Nonsurvival Risks in Murderous Attacks 
BY Population Groups, 1940-70 




1940* 

1950t 


19601 


1970§ 

Population 

M 

M 

M M 

M 

M 

M 

M 

Group 

M+A 

M+A + R M+A M+A + R M+A 

M+A + R M+A 

M+A + R 

Total cities. . 

. .105 

.052 

.065 .040 

.050 

.030 

.044 

.0195 

Cities over 

50,000.... 

. .103 

.049 

.062 .037 

.046 

.027 

.047 

.0193 

Cities under 

50,000_ 

. .113 

.064 

.076 .053 

.070 

.048 

.030 

.0207 

Rural areas'* 

. .163 

.108 

.138 .098 

.134 

.105 

.066 

.058 


Sot;R^Ei •- U S Drpafrm<‘fii of JusMcr, Umform Cnme Rtporu no. 4, tablw 76 and 85; J950. no. 2, 

tahler 31; 1 951 , no 2 , p 49; 1 960, tablrs I and 6. 1970, lablci 1 and 9) . 

* Total ritir^’ crimra basrd on 2,001 cities with i>opulation ol 65,128,946, rural crimes as reported by 1,016 
sheriffs, nine state police organizations, and 66 village ofberr^- 

t *1'otal cities' crimes hosed on 2,297 cities with population of 69,643,614; rural crimes as reported by 1,621 
sheriffs, 162 rural village officers, and 11 state organizations representing a rural population of 42,433,145 
t Toial cities' crimes based on 3,366 cities with |>opuIation of 96,678,066, rural crimes are estimated totals 
in the U ?S. rural population of 41,832,427 

S Total Cities’ crimes based on 4,4B1 cities with population of 121,254,000, rural crimes are estimated 
totals in the U S. rural population of 38.865,034. 

Statistics on rural crimes in (970 and i960 may not be fully comparable ti‘ those in 1950 and 1940 
The latter may have been limited tn some instanres only to cases tn which arrests were made. 


of a simple empirical formulation a linear specification in the logarithms 
of the dependent and basic independent variables is superior to a linear 
specification in the natural values of these variables. In the first place, the 
theory identifies the basic deterrence variables in the murder equation to 
include the unconditional probabilities of conviction and execution which 
are functionally dependent via a multiplicative relationship Pe = 
Pc Pe\c. Introduction of natural values of these variables in a regression 
analysis is then likely to produce imprecise estimates of their independent 
effects. The effect of the independent variable Pe\c, in turn, depends on 
the level of Pe in the same way that the effect of an ad valorem tax rate 
depends on the level of the unit price. A linear specification in Pc and 
Pe\c is disadvantageous since it docs not control directly for the level of 
the ba.sic price Pe. In contrast, a linear specification in the logarithms* 
permits an equally effective estimation of the deterrent effects of interest 
via the following equation: 

In ? = * — /?, In /V — ^2 > ('^) 

‘ The partial elasticities of the expected utility from crime of an average potential 
offender, O*, with respect to Pc and Pe\c, for example, can be shown to be an increasing 
function of these variables. However, the supply of offenses relates to the average flow of 
crimes in the population, q, rather than toO*; the latter two variables are monotonically, 
but not necessarily proportionally, related. Formally, given that dqjdO* > 0, the effects 
ofdeterrence variables on j may be summarized by r, = e,( 7 .e,, where <, = — 
e,0’ = (dqldO*}{D*jq), t, = —{dO*ldp)(plO*), and p stands for Pc or Pe\e. Clearly, 
the value of Scp/dp cannot be inferred directly from that of dep/Bp, since the theory docs 
not provide clear insights as to the way e,| 7 * changes with D*. The assumption that the 
relevant e's ar» constant can thus be taken as a useful flist approximation. Also see 
Becker (1968, p. 209). 
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or the statistically identical form 

In 9 = a — y In /*c — ^2 In Pe, (4a) 

where y - Pi — ^ 2 -’ logarithmic specification thus controls for 

the magnitudes of the basic prices Pc and Pe and at the same time elim¬ 
inates their functional interdependence and permits an efficient test of the 
hypotheses summarized in equation ( 2 ). 

Furthermore, the logarithmic form is a superior specification when the 
magnitudes of errors in the dependent variable are thought to be pro¬ 
portional to its level. It would be rather implausible to assume that the 
magnitudes of underreported and misreported crimes are independent 
of the level of reported crimes. It would be more plausible to expect a 
prfiportional relationship between the two. Similar considerations also 
apply to the observed values of deterrence variables (sec Appendix B). 
This assumed proportionality of errors to levels of corresponding variables 
implies that the logarithmic specification is at least tractable in terms of 
an analysis of expected bia.ses (sec Fhrlich 1974, appendix I in his section 
IV)_. 

These arguments can be evaluated systematically by application of a 
lest of functional specification devised by Box and Cox (1964). The test 
provides a systematic method of determining an optimal transformation 
of the dependent variable or the entire set of variables entering a regres¬ 
sion equation (A,) of the Ihrin {Xl — 1)/A. This class of transformations 
is directly applicable in the present context, in that A = 0 defines the 
logarithmic transformation and A = 1 corresponds to the simple-linear 
specificatifin. A related class of transformations permits a comparison 
between the logarithmic and the semilogarithmic functional forms. The 
assumption underlying Box and Cox’s analysis is that some transformation 
A exists such that the transformed observations satisfy the full normal 
theory assumptions and arc linearly related to their determinants. The 
procedure then permits selection of an optimal transformation and testing 
of hypotheses concerning alternative values of A as optimal trans¬ 
formations. A comprehensive application of this procedure is reported 
in Section IIB2 and Appendix A. 


II. Empirical Implementation 

A. Introduction 

The supply-of-oflfcnses functions relating to murder and other crimes are 
estimated in this investigation using cross-state data from 1940 and 1950. 
These years are chosen because the level of enforcement of capital 

This result, which is ‘Torced” by the logarithmic specification, is, of course, consistent 
with the theoretical analysis itself (see n. 4 above). 
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punishment in individual executing states appears to have been suffi¬ 
ciently high and variable to permit a meaningful test of the hypothesis 
of no deterrence. Due to data exigencies, the parameters of the supply 
functions are estimated via classical least-squares and seemingly un¬ 
related simultaneous-equations techniques rather than the two-stage 
least-squares procedure employed in my related works. Because the 
preferred regression format is found to be logarithmic and the estimated 
levels of conditional risks of execution in noncxccuting states are “zero,” 
supply-of-offenses functions are estimated separately in executing states 
as well as in the full samples comprised of executing and nonexecuting 
states. In the full-sample regressions estimated via the approximate 
logarithmic transformation, statistical considerations dictate allowance 
for separate constant terms in each class of states. Following tests for 
homosccdasticity, generalized least-squares estimates are achieved by 
weighting all variables by the square roots of either urban, state, or (when 
available) the relevant sample populations. A detailed discussion of the 
estimation procedure and the variables used in the regression analysis is 
included in Appendix B. A list of the variables used is given in table 2. 


B. Analysis of Regression Results 
1. Analysis of FBI (UCR) Data 

FBI statistics on murder and other felonies are available in 1940 and 1950 
only as crime rates in samples of urban areas covering, on average, 
49 percent of the states’ residential population in 1940 and 45 percent in 
1950 (see U.S. Department of Justice, Uniform Crime Reports, 1940, 
1950- 51, 1960, 1970). Crime statistics arc based on complaints of crime, 
subject to police verification procedures, and are recorded according to 
Uniform Crime Reports {UCR) classifications. The category “murder” 
refers to all willful felonious homicides. 

a) Subsets of states with positive executions .—The basic regression model 
used in the analysis is linear in the logarithms of all relevant variables;* 

£(ln q°) = a + \n T + In P^c + bj In T'’e|c + b^. In NW 

(^) 

y- bi\n X + b^\n W + b^ In AGE b^ In URB, 


■The set of variables included in equation (5) generally yielded consistent and sig> 
niBcant results in the different regressions performed. Other variables tested are measures 
of unemployment and labor-force participation rates. As in my previous cross-sectional 
investigations, these variables have not b^n found to have a systematic impact on the 
extent of crime rates acr(»s states, although both variables did appear to have such effects 
in my related time-series analysis (sec the discussion in Ehrlich [1975fl]). Their exclusion 
from the regrcaaion equations did not have any signiBcant impact on the regression results 
reported here. 
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TABLE 2 

List op Variables Used in the Regression Analysis 






P»>c 


= urban crime rate (per 100,000 population) for offense category i, 
based on VCR samples; 

= homicide rate (per ](X),000 population), based on VS data; 

C* 

= ^ = estimate of probability of conviction: the ratio of prisoners 
received in state prisons to the estimated (state) total num¬ 
bers of offenses in category i; 

C* 


IP 


=: corresponding estimate of probability of conviction for 
murder using data on the number of homicides in a state; 

T,i = median time spent in state prisons by offenders prior to first release; 

C‘ 


PXb 


■ the ratio of the average number of executions in 
years / to / — _/ to the estimated number of con¬ 
victions for murder in sample year /; 




PXQ\ == 


EU I 
L7 


PXQ2 = 


PXA = 


E% , -H £7/2 

Ct 


PXQ\Q — PXhQX — same as the preceding ratios but with defined to include only 
executions for murders; 

H'§ =: median income of families in year / — ) : a census estimate; 

X = percentage of families with income below one-half of W\ 

SW ■= percent of nonwhites in the population; 

A(»K = percent of jiopulaiion in the age group 15-24; 

• Ijs. .14 = percent of population in the age group 25-34; 

URB = percent of urban population in the total state population; 

LPOS = a dummy variable distinguishing executing states (1) from states 
(0) with P^e\c = 0; 

Nt ~ state population in 100,000s; 

*= urban population in 100,000s; 


■Vmpp •— 


size of population (in 100,000s) in UCR samples reporting in 

1951; 


N<i < I ll(ir l<i lf(’R rniir4lrt rr|rrr^si<>n<i <imit Irorn |}ir full snmpira tii 1 940 And 1950 the 

tiilUtwiiiR 1940 CfrorRU, Mamr, NevAila, ami Vermont, 19I>0- GrorKia, Michigan, 

North DiikoiH, antf V'rritioiit 

+ in ihr 1940 regrrMion* data rKiRcuciesdirlalrd the use of the corrc^poiulinK variable from 1950 (V'so). 
1 he u< lual data are lor prisoners reieasril in 1951 (195;t lor in Idaho, Michigan, Rhode Island, 

Suulii Dakota, ami Vermont) because 1950 figureN are not available 

t In 1940 PXbQ raniuil be <otnpute<l because execution data for 1936 are not available by crime category 
ti In 1940 availiiblr only us median eurnmgs ol a sample of and salary workers 


with all variables weighted by tlie weighting factors discussed in Appendix 
B.® Table 3 presents estimates of regression coefficients and the ratios of 
these coefficients to their standard errors. Magnitudes of the 

’ According to the discussion in Section IIA and Appendix B, weighted regressions 
arc performed to derive gencralized-lcast-squarcs (GLS) estimates of equation (5). 
Indeed, the standard errors of regression estimates derived from weighted regressions are 
virtually with no exception lower than the standard errors of corresponding unweighted 
regressions, a sample of which is given in table 3. The fact that weighted regressions using 
the square roots of urban and reporting populations as weighting factors are found to be 
somewhat more efficient than those derived from regressions weighted by the square root 
of the state population also is consistent with the hctcrosccdasticity argument, since the 
dependent variables are estimates of urban crime rates. 
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statistics rcjjortcd in connection with weighted regressions are the con¬ 
ventional measures obtained after multiplying the variables in 
equation (5) by a weighting factor. These “R^” measures thus may serve 
merely as indicators of goodness of fit in the transformed regression 
equations. 

Results obtained in connection with the three deterrence variables, T, 
P’c, and measures of P°e\c, exhibit a consistent pattern throughout the 
regression analysis. The estimated regression coefficients associated with 
these variables are all negative, with magnitudes generally well above 
twice the values of corresponding standard errors. More important, with 
no exception, the estimated elasticities of the murder rate, with respect to 
the probability of conviction (P“r), exceed those with respect to the 
conditional probability of execution, given conviction (P°e|c). In all of 
the cases reported in tables 3 and 4, the differences between the magni¬ 
tudes of the latter elasticities are significant at the 5 percent level for a 
two-tail test. * ° As for the effect of T, it should be recalled that the variable 
used in both the 1940 and the 1950 regressions is the median length of 
time served by those released from prisons in 1951. In spite of potential 
biases which may be injected into regression estimates in 1940 as a result, 
estimates of deterrence effects are statistically indistinguishable across 
different regressions and do not depend on the inclusion of Tjo in the 
1940 regressions (see Part 5 below). 

In contrast to time-series estimates of the simple correlation between 
measures of the murder rate and the conditional probability of execution, 
these simple correlations are found to be negative in all the relevant 
subsets of executing states." In addition, estimates of deterrent effects 
derived from regressions in which only the three deterrence variables, T, 
P°c, and P°e\c, served as regressors show similar qualitative results, with 
estimates of deterrent effects actually larger in absolute magnitudes. 

Except for estimates derived from unweighted regressions in 1950, 
virtually all 95 percent confidence intervals associated with the estimated 

‘ ° All tests of signilicance reported in this investigation arc conditional on the as¬ 
sumption that the error terms satisfy all the standard conditions of the regression model. 

* * The simple (unweighted) correlation coe6Ficicnt3 between natural values of if and 
the measures of the conditional risk of execution listed below arc: 

1940 1950 

PXQ, = -.13697 PXQ, = -.11230 

PXQi = -.27668 PXQ 2 = -.17299 

PXb = -.18251 PX5 = -.00605 

PXitQ = -.24158 PXbQ = -.10576 

The simple regression coefficients associated with these same measures of execution risk 
in weighted logarithmic regressions were always negative, and higher in absolute value 
than the coefficients reported in table 3 and n. 12. Note that the cross-state measures of 
the risk of execution given conviction of murder are based on independently reported 
conviction (prisoncommitments for both imprisonment and execution) data, which do 
not depend on the FBI estimates of murder rates. 




752 









4.690 - 0.422 - 0.670 - 0.270 0.487 1.143 1.256 0.177 - 0.783 







® 2 :^ 


to 

CO O 
o to 

o* 

to 

CM CO 

CO 

o *0 

c>» 

O lO 

o 

•o 


1 

a. 

1 ^ 

£ 

' - 

ft. 


I I 


753 








754 


JOURNAL OF POLITICAL ECONOMY 


elasticities of the murder rate with respect to alternative measures of the 
conditional risk of execution include only negative values. Nevertheless, 
the quantitative differences observed among the point estimates of 
elasticities associated with other measures of P°r|c (not reported here due 
to lack of space) indicate the inherent limitations of these measures, 
resulting from the rather sizable relative fluctuations in the small numbers 
of executions carried out in a given state over successive years.' * Indeed, 
the reported measures of P°e\c based on 4- or 5-year averages of the 
yearly number of executions generally yield more consistent and pro¬ 
nounced results across the 1940 and 1950 samples. The apparent 
superiority ol'P.A’4^, PXbQ, and PX^ as measures of execution risk may 
also be due to the fact that the regressions utilizing these variables include 
a larger number of observations. Thus the results are based on a larger 
number of degrees of freedom. 

'I'he estimated effects of measures of income {W) and income inequality 
{X) may reflect the influence of different and possibly even conflicting 
factors.' ^ The variables W and A' may serve as indicators of the potential 
gains and the differential gains from property crimes relative to legitimate 
earning activities (see Ehrlich [1974, section IIIB] and the results in 
connection with robbery and assault in tables 6 and 7). The generally 
positive effects of these variables on the murder rate may be due to the 
fact that murder is often a by-product of these crimes. The direct partial 
effects of W and X on the incentive to commit acts of malice are more 
ambiguous, however (see Ehrlich 1975<i). Presumably, the incentive 
effects of wealth on crime outweigh the effect of medical care available to 
victims of aggravated assault. Note, however, that the observed positive 
effects of X and NIV on y" may partly be due to the effect of inferior 
medical care services available to relatively low-income persons. 

The percent of urban population in the total state population (URB) 


' ^ A aaiiiple of results associated with alternative measures of P“e\c defined in table 2 
substituted for the measures used in equations 1-2 and 5-6 in table 3 relating to 1940 
and 1950, respectively, is as lollows (fi/Sf in parentheses); 


Measure 

i^X<J, 

/'XQ^ 

FXA 

PXQ,Q 

PXQ 2 Q 

PXAQ 

1940 (set 1-2) 

- ,132 

- .212 

- .160 

- .118 

- .267 

(- .151) 


(-2.42) 

(-3.36) 

(-2.62) 

(-2.02) 

(-4.03) 

(-2.39) 

1950 (set 5-6). . 

- .152 

- ,335 

- .332 

- .177 

- .327 

- .340 


(-2.0.5) 

(-2.92) 

(-4.50) 

(-2.25) 

(-2.25) 

(-4.70) 


The magnitudes of estimates of other deterrence variables do not change appreciably 
and remain statistically significant as alternative estimates of P°e|c are substituted. 
However, standard errors tend to be lowest with the measures presented in table 3. 

' ‘ In the 1940 regressions, X^b yielded insignificant and inconsistent results across 
cquatioiu including a dilTerent measure of P't]c. However, both W^o and X^b are based 
on a sample of employed wage and salary workers with positive earnings in 1939 rather 
than on a sample of family income in 1949, including families with no income, Srom which 
H'so and ATso are computed. The exclusion of X^b from the regression equations had 
little impact on the estimated magnitudes of other regressors. 
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is found to be negatively associated with the (urban) murder rate in both 
1940 and 1950. The result might suggest that the magnitudes of some 
explanatory variables computed from statistics relating to the entire state 
population differ by constant proportions across urban and rural areas, 
and, consequently, that URB serves as a “correcting factor.” The net 
effect of URB then would not be clear a priori since it would depend on 
the direction of specific differences. Alternatively, the degree of urban¬ 
ization of a state may serve as a proxy for other relevant factors, such as 
access to relevant medical services, the partial effect of which on the 
murder rate is expected to be negative.' * 

The percent of young age groups (15-24) in the state population (AGE) 
is not always found to have a systematic association with the murder rate, 
whereas the effect of the percent of nonwhites in the population (NIV) 
is generally positive and significant in all regressions. As in the case of 
URB, AGE may perform the role of a “correcting factor” which allows 
derivation of unbiased estimates of the effects of deterrence variables. 
Presumably, magnitudes of these variables differ across different age 
brackets because of the differential treatment of young offenders under the 
law. While this consideration alone might lead to the expectation that 
q" and AGE would be positively correlated, other differences in deter¬ 
minants of murder and acts of malice across different age groups may give 
rise to different associations. According to information compiled from the 
Vital Statistics of the United States (see Klebba 1975), the homicide victim¬ 
ization rate for nonwhites and for the total population has tended to 
peak at the age group 25-34 (.425_34) in the period under study. Indeed, 
estimates of equation (5) with .^ 25-34 replacing AGE reveal a positive 
association between .d 25_34 and the murder rate, especially in,1950, 
contrary to the inconclusive effect of AGE in these regressions. Generally, 
estimates of deterrent effects in (5) obtained with ^423-34 ® measure of 

age composition did not differ markedly from the estimates discussed in 
the preceding analysis: the effects of and P°e\c were found somewhat 
higher in absolute values, and that of T somewhat lower. The main 
change was observed in 1950 regressions in connection with the effect of 
the percent of nonwhites in the population, which decreased in magnitude 
although it remained statistically significant.” It thus appears that the 

'■* This tentative interpretation is not incompatible with the fact that URB is found 
to be negatively associated also with a total homicide measure based on state statistics, 
especially in 1940 (see table 5), Differences in availability of medical services across 
urbanized and less-urbanized states may have been particularly high in 1940. 

For example, when ^js-ss replaces AGE in equation 7 of table 3, the nonwhite 
coefficient drops by nearly half and the effect of VF becomes insignificant. However, 
substituting A 2 S -34 for AGE in the 1940 murder regressions docs not have any marked 
effects on other variables’ coefficients. Using A 25-34 in the murder regressions yields 
somewhat higher values than AGE in 1950 and slightly lower ones in 1940. Also, 
substituting ^ 23-34 in the 1950 robbery and assault regressions (c.g., cqq. 2 and 3 of 
table 6 and in tabkt 7) hardly affects the robbery regression, while the assault equation 
is affected much the same way as were the (1950) murder regressions. 
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positive and significant association of NW znd q" may be, at least in part, 
the result of its relatively high partial correlation with •<425_34. However, 
homicide victimization data reveal that nonwhites face a much higher 
risk of victimization than do their white counterparts in all age and sex 
groups. This evidence is not inconsistent with the hypothesis that the 
higher frequency of murder among nonwhites is the result of relatively 
low general (and age-specific) earning opportunities which reduce 
potential incarceration costs and access to relevant medical services at 
all ages. ‘ * 

b) Full-sample results. —The basic regression equation estimated using 
the full set of observations available in 1940 and 1950 is a modified 
version of the regression model specified in equation (5), 

= ^2 -f- r<'‘> -f ■ • • -t- *gURB‘'‘> + f>,EPOS, (6) 

where EPOS is a dummy variable distinguishing the relevant executing 
(1) and nonexecuting (0) slates, and the transformation (A) is defined in 
Section IC. Because the values of measured execution risks in nonex- 
ecuting states are zero, the log-linear regression format specified in 
equation (5) is here approximated by setting A = 0.001. The results for 
the simple linear and the approximate log-linear transformations are 
reported in equations lb, Ic, 2b, and 2c in table 4, parts A and B. 

The full-sample results which allow for separate constant terms in 
executing and nonexecuting states via EPOS, especially those derived 
through the approximate logarithmic transformation, are essentially the 
same as the corresponding results based on subsamples of executing 
states. The point estimates of the elasticity of the murder rate with respect 
to estimates of P°e\c arc virtually identical. More important, application 
of Chow’s test of equality between the comparable regression coefficients 
associated with variables entering the approximate logarithmic analog of 
equation (5) in executing and nonexecuting states, except for the constant 
terms of the separate equations, shows that the hypothesis of equality 
for that set of regression coefficients cannot be rejected at the 5 percent, 
and generally much higher, level of significance. This is evident in tests 
relating to both the 1940, 19.50, and pooled samples (see below) and for 
regressions using alternative measures of execution risk or different 
weighting factors.' ^ 

The effect of the dummy variable EPOS, in turn, is found to be sig¬ 
nificant in all the regressions using the approximate logarithmic trans- 

' ^ For some initial attempts to arrive at a methodology for testing for racial differences 
in criminal activity sec Ehrlich (1970). A fuller investigation requires data concerning 
the level of law enforcement activity directed against specific groups in connection with 
crimes against the person and efficient measures of group-specific earning (and medical 
care) opportunities. 

For example, the E-statistics based on the stun of squared residuals estimated from 
equations 1 and 2 in table 8 (with k = 0.001), its counterpart in nonexecuting states, and 
equation 4 in table 8 are Fa.i* 0.686 and ^ 4,72 — 1.260, respectively. 
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formation and in the weighted regressions using the simple linear 
specifications. Indeed, the elimination of EPOS from the regression 
equation is found to have a drastic effect on the standard error and even 
the sign of the coefficient associated with P°e\c measures. In the approx¬ 
imate log specification of equation (6) the signs of the latter are positive 
and sometimes significant with magnitudes very nearly zero, whereas in 
the simple linear specification the coefficients have the expected negative 
sign and are occasionally significant as well.** The technical explanation 
is straightforward: EPOS is very highly correlated with extremely 

so in the approximate logarithmic versions of equation (6). Thus, its 
absence from the regression equation produces the expected “specification 
bias” resulting from a missing variable, and the magnitude of the 
quantitative change in the coefficient associated with is expected 

to equal the product of the true partial regression coefficient associated 
with EPOS and the relevant partial regression coefficient relating EPOS 
to Indeed, it is estimated that the extent of “specification bias” 

resulting from the omission of EPOS is likely to outweigh the magnitude 
of the true partial coefficient associated with measures of in the 

approximate logarithmic regressions but not in most of the simple linear 
runs.” It is important to stress, however, that the magnitude of the 
coefficient associated with EPOS is an arbitrary number by definition. 
It is but an artifact of two related factors: the transformation applied to 
the dependent and independent variables in the regression and the range 
of the dummy variable measuring EPOS. If the value of EPOS is trans¬ 
formed, for example, by the same value of A (0.001) used to transform 
all other variables in the approximate logarithmic regressions, then the 
quantitative magnitude of the coefficient associated with EPO.S in these 
regressions would be reduced by precisely 1,000-fold. The only valid 
inference to be drawn from the estimated effect of EPOS is that it indicates 
the existence of a statistically significant difference between the mean 
rates of murder in executing and nonexecuting states after the effects of 
other variables entering equation (6) have been accounted for. This does 


' * Estimates of the elasticity of the murder rate with respect to measures of execution 
risk in equations Ib, Ic, 2b, and 2c in table 4, parts A and B, which were estimated 
without introducing EPOS in the regression equation (i,), are reported in their re¬ 
spective order: 1940: 0,0003 (2.28), -4.491 (-0.88), O.OOOG (3.23), -6.903 (-1.84); 
1950 : 0.0003 (1.11), -17.35 (-2.58), 0.0001 (0.59), 3,124 (0.49). The numbers in 
parentheses are the ratios of the coefficients to their respective standard errors. 

"The estimated regression coefficient associated with P°e\c in the regressions 
excluding EPOS would be given by plim {S^) = ^3 -f- 69693 ,. where 63 and 69 are 
the partial (population) regression coefficients associated with P"e\c and Ef^S in 
equation (6) and 693___ is the partial (population) regression coefficient associated with 
P^t\c in a regression of EPOS on and all other regressors entering (6). Since 63 

is expiected to be negative, and 63 and 693,. are found to be positive, the sign of plim (i.) 
would reverse in those transformations where the term 69693 , outweighs the absolute 

magnitude of 63. Indeed, LS estimates of 693, verify that ^9^93, tends to exceed 
l^sl in the approxjunate log-linear transformations but that it falls short of 1^3] in the 
simple linear transformations, with S3 -1- 69^93,, virtually identical to 
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-12.76 - 0.019 - 9.272 - 9.363 0.265 - 0.002 0.310 - 0.068 4.246 

(-0.933) (-1.892) (-2.949) (-2.628) (2.949) (-0.426) (0.453) (-1.502) (2.820) 









1. Murder Supply Functions: 1950, 44 States 
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not mean, necessarily, that the mean rate of murder in nonexecuting 
states is lower than the rate in executing states where the level of P'‘e\c 
is lowest. More important, as the analysis in Appendix B indicates, it 
cannot be determined whether the observed significant difference 
between the estimated constant terms in equations relating to executing 
and nonexecuting states is the result of “missing variables” that differ 
significantly across these subsets of states or because of the arbitrary values 
assigned to measures of the perceived risk of execution in nonexecuting 
states: if the true risks were higher than “zero” in these states, then the 
assignment of zero values to estimates of Pe\c will necessarily bias the 
constant terms of the corresponding regression equations toward negative 
values, especially in the approximate logarithmic format. That the effect 
of EPOS sometimes is found to be statistically insignificant in regressions 
based on the simple linear specification indicates the relative importance 
of this consideration (see also n. 27). 


2. Box and Cox Tests for Optimal Transformations 

Although the qualitative results derived through the GLS estimation 
procedure are found to be robust with respect to functional specification 
(see table 4, parts A and B), the Box and Cox tests for optimal trans¬ 
formations reported in Appendix A unambiguously establish the relative 
superiority of the logarithmic specification. In virtually all tests conducted, 
the logarithmic specifi'eations cannot be rejected as optimal within the 
classes of power transformations considered. In contrast, the simple 
linear transformations and the semilogarithmic transformation considered 
are rejected as optimal in all cases. These results are consistent with the 
analytical considerations raised in Section IC and lend support to the 
results on deterrence derived through the logarithmic specification in 
earlier studies (Ehrlich 1974, 1975a). Moreover, the GLS results obtained 
through the optimal transformations (I) selected by the Box and Cox 
procedure are without exception compatible with the basic deterrence 
hypotheses concerning the effects of the probability of conviction, the 
conditional probability of execution, and the severity of imprisonment. 


3. Vital Statistics Data on Homicide 

The Vital Statistics of the United States (F5') (U.S. Bureau of the Census 
1943; U.S. Department of Health, Education, and Welfare 1953) 
provides alternative data on homicides. For the purpose of an empirical 
implementation of the theory, however, the FBI data are conceptually 
superior to the Vital Statistics series because the latter includes justifiable 
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and excusable homicides, whereas the FBI murder category is defined to 
include only willful felonious homicides.^® The VS data may also under¬ 
state the true number of homicides, because death certificates on which 
these statistics are based sometimes reflect classification of death by 
medical causes alone, especially in those instances when death from 
homicidal assaults lags the actual time of assault. The cross-sectional 
information in the Vital Statistics in 1950 is also somewhat noncomparable 
because in 1940 homicide statistics are reported by the place of the 
occurrence of homicide, which is the desired statistic, whereas in 1950 
these statistics are reported by the place of the victim’s residence. Also, 
only the 1950 data permit homicides caused by the legal intervention of 
police to be separated from the total homicide counts. One clear ad¬ 
vantage of the KS data over the UCR statistics, however, is that the FS 
information is based on a count of homicides in the entire state, whereas 
the FBI data are based on samples of urban areas. 

The regression models applied to the VS data are the models summa¬ 
rized in equations (5) and (6) with the following modifications: the 
dependent variable now is the homicide rate defined as A” = 
where H° stands for the FS total homicide counts^* and Ng is the state 
population. The conviction risk is now defined as = {C°jH°). A 
sample of the regression results is summarized in table 5. 

The results are qualitatively the same as those discussed in connection 
with the FBI data. The quantitative results differ mainly in connection 
with the estimated deterrent effect of the probability of conviction 
measures used in the separate analyses which is here smaller in magnitude 
and less precise. This result is not entirely surprising given that the KS 
data on homicide may not be as clearly related to the relevant concept 
of murder as are the FBI statistics. It indicates that the efficiency of 
empirical measures of conviction risk depend heavily on the relevance of 
the crime statistics used in their construction. 

The pattern of results reported in table 5 generally is quite consistent 
with the pattern observed in the analysis of the FBI data. Weighted 
regressions, here executed only with as a weighting factor, yield 

regression coefficients with lower standard errors than unweighted 
regressions in both 1940 and 1950. Furthermore, the log-linear regression 
format is found to be decisively supierior to the simple linear format. A 
Box and Cox test performed on the full observation set in 1940, for 
example, shows that the approximate logarithmic transformation, unlike 

For an elaboration of this point see Ehrlich (1975A, pp. 212-13). The conceptual 
superiority of police-gathered data is generally recognized in the criminology literature; 
see, e.g., Wolfgang (1961, p. 49). 

Legal executions arc excluded as are, in 1950 only, homicides through legal inter¬ 
vention of police. 
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the simple linear transformation, cannot be rejected as an optimal 
regression form. 


4. Murder, Aggravated Assault, and Robbery— 

Further Analysis of FBI Data 

A complete implementation of the analysis of interrelationships among 
murder, aggravated assault, and robbery developed in Section lA could 
not be pursued because of the absence of published data on all the 
specific conditional probabilities and severities of punishment entering 
equation (3). Introduction in the regression analysis of deterrence 
variables associated with a specific crime 7",) along with corre¬ 

sponding variables associated with interrelated crimes {P°Cj, Tj,j ^ i) 
generally has been found to yield insignificant estimates of the effects of 
P"cj and Tj on q°, possibly because the latter arc not efficient measures 
of the relevant conditional probabilities or due to a high degree of partial 
correlation between estimates of probability and severity of imprisonment 
for different crimes. Only the murder equations reported in table 6, lines 
4 and 5, show some evidence for complementarity relations. The bulk of 
the analysis on interdependencies among these crimes has been conducted 
through implementation of the restricted model; 

= a + b,, 4- + bi^poelc^^^ +■■■, (7) 

where t = assault and robbery, P"e|c is the conditional probability of 
execution for murder, and the remaining relevant variables are those 
introduced in equations (5) or (6). In this model all the relevant prob¬ 
abilities and severities of punishment for related crimes {j) are identified 
with, or assumed to be proportionally related to, P^Cj and T,, and the 
coefficient indicates the direction of interdependencies between 
murder and robbery or assault. In analyses of subsets of executing states 
the transformation employed in estimating equation (7) is logarithmic. 
The results are reported in table 6, equations 1-3. (The murder regression 
is shown for comparison.) Difficulties in the estimation of cross-deterrence 
effects of probability and severity of punishment notwithstanding the 
interdependencies among the three crimes examined may still be re¬ 
flected in systematic correlations among the residual terms associated 
with each crime. Indeed, analysis of residuals estimated from the single 
equations reveals sizable positive correlations^^ indicating complementary 
effects. To take account of these correlations in deriving efficient estimates 

The correlation matrix of residuals associated with murder, robbery, and assault 
shows that the correlation coefficients between paired crimes range between + .35 and 
+ .5. 



TABLE 6 

Interrelated Crimes: Selected Results for 1930 Single Equations, Logarithmic Form 
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Noti—A ll eqq. are weighted by yf Arep. reported statistics arc Sp. and fiiSf m parcnthrses- 
* From table 3, line 5. 
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of the interrelated regressions, both the subsets of executing states and the 
full observation sets have been estimated simultaneously via Zellner’s 
seemingly unrelated regression method (SUR). The results are reported 
in table 1 

The regression results are highly consistent with previously reported 
findings. The main novel finding is that the elasticities of robbery and 
aggravated assault, as well as of murder, with respect to measures of the 
conditional risk of execution are negative. Execution risk has the most 
sizable effect on tbe murder rate and the least sizable effect on the 
frequency of assault. The interpretation may be that aggravated assault 
is more of a “substitute” for murder than is robbery. This pattern of the 
results is seen more convincingly in the results derived from the ap¬ 
plication of the SUR method. The standard errors of SUR estimates of 
regression coefficients, without exception, are lower than the corresponding 
estimates derived from application of the single-equation least-squares 
procedure. 


■). Pooling of the Cross-Section Samples and Tests of Homogeneity 

Not only do the results from 1940 and 1950 independently confirm the 
basic hypotheses of the model, but the results appear strikingly similar. 
CV^mbining the two samples permits further testing of the hypothesized 
effects and allows for systematic examination of the homogeneity of the 
populations underlying different subsamples. Due to exclusion of the 
income variables and potential data exigencies, a dummy variable, 

Ihe rrsuUs reported in tables 6 and 7 are derived from analysis of 1950 data, since 
in 1940 the application of the SUR analysis was difficult because of the small and variable 
sample sizes ot executing states for which a complete set of data on specific variables is 
available The results obtained from application of single-equation least-squares pro¬ 
cedures to data from 1940 arc qualitatively similar to those reported in connection witli 
the coi responding regressions using 1950 data, but the standard errors of the estimated 
coetficients associated with P®e|r in assault and robbery regressions were relatively 
more sizable. 

Vital statistics data on the number of homicides occurring in 1950 through legal 
intervention by police have also permitted an examination of the effect of a measure of 
the risk of death from police intervention on the frequency of violent crimes. This was 
achieved by introducing in a regression equation combining murder, robbery, and 
assault the natural logarithm of the ratio of homicides through police intervention to the 
estimated total number of murders, robberies, and assaults (PV) as an additional 
explanatory variable in the context of the model specified in equation (5). The results, 
based upon the 27 states with both PX5Q and positive, indicate the existence of a 
negative but weak association between P^d and the rate of violent crimes with the 
estimated elasticity associated with P<‘d being -0.225 and its standard error 0.14. The 
introduction of P^d in the regression analysis did not have any significant effects on the 
coefficients associated with PX^Q (which is found to be negative and significant) or the 
other deterrence variables entering the regression equation. Similar results are obtained 
when P^d is introduced as an additional explanatory variable in regressions relating to the 
crime of murder alone. 
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5.631 0.195 0.109 0.089 0.104 0.735 0.755 0.868 0.512 

1.28) (-2.12) (-7.14) (-1.97) (2.36) (1.61) (1.83) (-0.65) (0.89) 






Full observation set (44 states); approximate logarithmic formt 
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(1940 = 1), has been added to the regressions reported in table 8.^* 
The results are rather decisive in that they show that the restricted 
estimation via the pooled samples greatly improves the efficiency of the 
point estimates of all the deterrence variables. Indeed, the pooled sample 
results provide, perhaps, the strongest evidence for the deterrence 
hypothesis. Estimates of the elasticity associated with P°e\c are nearly 
the same as corresponding estimates reported in table 3, but their con¬ 
fidence intervals are markedly narrower. Point estimates of comparable 
deterrent effects are found to be statistically indistinguishable in re¬ 
gressions using the full observation set and the subset of executing states, 
which is consistent with the results reported in Part 2 of this subsection. 
Moreover, the differences between the estimated elasticities associated 
with P'V and P°e\c are statistically significant even at the 1 percent level 
in all the regressions but the southern subset. The analysis also indicates 
remarkable stability in the basic regression results derived from the 1940 
and the 1950 samples. The only apparent difference between the 1940 
and 19.50 regression estimates reported in table 8 concerns the constant 
tcrni.s of the regressions, as indicated by the effect of the dummy 
variable.^'’ Tlie effect of £>40 seems to be due to data differences and 
changes in the relevant income-distribution measures (see n. 25). It is 
also possible that the general downward trend in murder rates between 
1940 and 1950 is partly due to the effect of improved medical tech¬ 
nology - a factor which is not accounted for directly in the regression 
analysis. Application of Chow’s test of equality between all other 
regression coefficients entering equations 1 and 3 in table 8 for 1940 and 

Uo( ausr cf'substantul difTrrcnccs in the defimiions of W and X between years, these 
vanablt’.s aro cNcludcd in the regressions below. Curiously, however, when 



iilong with /) 40 s Jtre iiUtoducod into the pooled regressions as nondifferentiated vectors, 
both variables arc lound to have the expected pc«Uivc and statistically significant effects, 
although the effects of the other variables in equations 2 and 4 of tabic 8 remain virtually 
unchanged. Moreover, the standard errors of the coefficients associated with the three 
deterrence variables and NW are reduced and the inferences concerning tests of homo¬ 
geneity remain unchanged. Similar findings arc obtained in less restricted regressions 
allowing the coefficients associated with X^q and differ from those associated 

with XiQ and with the exceptions that the effects of X^q and, more notably, 

become insignificant. Detailed results are omitted here due to lack of space. To achieve 
greater comparability in variable definitions, the urbanization measure relating to the 
1950 sample is defined in all the pooled regrcMions by the Bureau of the Census’s “old,” 
i.e., J.940 definition (URBO 50 ), rather than by the “new” definition used in the pre¬ 
ceding 1950 regressions. Remaining potential data differences concern the variable Tsq, 
used in both years, and the UCH definitions of “urban areas” from which samples of the 
dependent variables are taken. 

It should be pointed out that there is a high degree of competition between D^q 
and AGE in the pooled regressions; the simple correlation between these two variables is 
about . 8 . Evidently, the percent of the age group 15-24 in the population of most states 
was systematically lower in 1950 than in 1940. Hence the sensitivity of the effect of AGE 
to inclusion of D^q in equations 2 and 4 in table 6 . 
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1950 produces decisive results; the relevant F-statistics are = 1.50 

and = 1.804, respectively. Clearly, then, the hypothesis of no 

significant differences cannot be rejected at the 5 percent level of 
significance. Similar results are obtained through regression analyses 
based on alternative weighting factors and alternative execution risk 
measures. Results concerning tests of equality between coefficients 
associated with deterrence variables only arc even sharper. 

7'he homogeneity of populations pooled in the regression analysis 
performed in this study has also been tested across the North and South 
regions. The results are found to be highly consistent. Comprehensive 
tests of equality between all the regression coefficients associated with 
northern and southern samples indicate that the hypothesis of equality 
cannot be rejected at the 5 percent level of significance. These results are 
corroborated across samples from 1940 and 1950 as well as the pooled 
sample (sec, for example, eqq. 5 and 6 in table 8). The apparent homo¬ 
geneity indicates that the regression results reported are not an artifact 
n{ geografihically specific factors unaccounted for in the regression analysis. 

In principle, the sharp set of results summarized in equations 1-8 in 
table 8 may be due to the fact that the 1940 and the 1950 samples are 
“identical” or that the vectors of variables are strictly proportional, in 
which case an apparent improvement of regression results is expected on 
spurious grounds. Examination of the distributions of the key deterrence 
variables reveals, however, considerable changes in the relative distri¬ 
butions. A stronger confirmation of the technical independence of the 
samples is provided through regressions based on differences in the values 
of (lie relevant variables within the same states between 1940 and 1950. 
The results, illustrated in equation (9) for the set of consistently executing 
states, are highly compatible with all previously reported results, as are 
other results not included here because of lack of space. The effects of 
deterrence variables are found to be quite similar to those estimated in 
the cross-sectional analysis, but the effects of demographic variables are 
considerably less pronounced, presumably because of the relatively 

Slates designated .South m the 1940 and !950 samples (constrained by data avail- 
altilily) include Alabama, Arkansas, Delaware, Florida, Kentucky, Louisiana, Maryland, 
Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, and 
West Virginia, The same designation is applied in 1940 and 1950 with the exception that 
Mississippi IS not included in the 1940 sample. Note that the introduction of EPOS in 
the southern subset (cq. 6 in table 8) is due to the fact that for only one state, Delaware, 
PX^Q IS zero in 1950. In related regressions using PX^ as the conditional risk of execution 
measure, all southern states, including Delaware, are classified as executing states. The 
results, nevertheless, are highly consistent with those reported in equations 6 and 8. The 
fact that EPOS has the usual positive and statistically significant effect even in equation 6 
therefore underscores the argument that the appearance of significant differences between 
constant terms in "executing” and "noncxecuting” states is largely due to the assignment 
of inappropriate values to measures of Pe\c in such states. Conceivably, the constant 
term in the regression equation associated with Delaware is estimated to be lower than in 
other states because the true level of execution risk in Delaware had been positive, not 
zero as equation 6 implies. 
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smaller changes in the relative distributions of these variables. The 
“disappearance” of the effect of NW in these regressions is compatible, 
however, with the results from the time-series investigation (Ehrlich 
1975<z, p. 412). It suggests that the .significant effect of this variable in 
the cross-sectional investigations may largely reflect the effects associated 
with relatively low earning opportunities for nonwhites that are not 
captured by IV and X. Over time, these opportunities have improved. 
The main contribution of the regression analysis of murder changes is its 
compatibility with the theorized predictions concerning the signs and 
relative magnitudes uf the elasticities of the murder rate with respect to 
P°c and P°e\c and its consistency with the cross-sectional results on 
deterrence. It clearly suggests that the strong results derived from the 
pooled samples arc not artifacts of “sample duplications.” 

III. Executing and Nonexecuting States 

The murder rate has been shown to depend, in part, on the risks of 
conviction and execution and on the severity of imprisonment for murder, 
each of which, in turn, is subject to the control of public authorities. As is 
pointed out in Appendix Bl, however, the magnitudes of these variables 
may be the result, rather than the cause, of the relevant crime rates. In 
particular, the tendency of state courts, juries, and other relevant 
authorities to retain or impose the death penalty is expected to be 
responsive to the perceived social costs of capital crimes. The purpose of 
this section is to compare some crime and punishment data across 
executing and noncxecuting states in light of theoretical expectations. 

In the analysis of optimal defense against crime, law enforcement 
agencies are assumed to behave in accordance with the expectation that 
certainty and severity of imprisonment and the risk of execution have 
restraining (i.e., deterrent and incapacitating) effects on the frequency 
of crime. The agencies are assumed to set optimal penalties and produce 
optimal values of the probability of conviction and the conditional 
probabilities of specific penalties so as to minimize the net per eapita 
social losses from crime, including the costs of all law enforcement 
activities. The components of the social loss function are identified in 
equation (8) below: 

L = D{q) + C{q,Pc) + y^PcPe\cqd -(- y^Pci} — Pe\c)m. (8) 

In a more general formulation of the model, one may wish to define y as a vector of 
interrelated crimes such as murder, robbery, and assault. Similarly, Pc^ m, and Pe\c 
could be defined as vectors of corresponding deterrence variables. Such generalization 
would complicate the derivations of the basic behavioral implications discussed but would 
not change their basic thrust. Behavioral implications following from the formulation 
adopted in equation (8) are formally developed in the mathematical Appendix to this 
paper, omitted here for lack of space. One important implication of that model, which is 
compatible with the empirical findings reported in Section II, is that the elasticity of the 
murder rate with rcsftect to Pc exceeds the corresponding elasticities with respect to both 
Ptle and the cost of imprisonment m, or rp,|c < Cre > ‘m- 
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In equation (8) q is the crime rate, Z)(^) designates the net direct social 
damage from crime, C{q, Pc) represents the costs of apprehending and 
convicting offenders, and the last two terms represent the social costs 
associated with executing and incarcerating convicted persons, respec¬ 
tively. The terms d (treated as a parameter at a point in time) and m 
measure the discounted value of the private costs of execution and 
imprisonment per convict, and y, and y 2 positive coefficients 

“translating” private into social (deadweight) costs and augmenting the 
relevant public expenditures in administering penalties. Both D{q) and 
C[q, Pc) arc assumed to be convex functions. 

In terms of the social loss function introduced in equation (8), optimal 
(cost-minimizing) values of the risk or status of execution as well as the 
other deterrence variables must equate the marginal cost of deterrence 
with the marginal revenue from the expected decrease in crime levels. An 
important implication of the optimality conditions is that the optimal risk 
of execution could be considerably below unity even if on the margin the 
death penalty has a differential restraining impact on murder over and 
above that of imprisonment because executions entail a larger deadweight 
loss on society (the difference between y^d and >’ 2 ’” assumed positive). 
Variations in the enforcement level of capital punishment, including its 
abolition, as well as changes in the magnitudes of other deterrence 
variatiles generally can be explained as a consequence of shifts in three 
basic sets of parameters; the level of the marginal harm from murder and 
related crimes, the social cost of capital punishment relative to other 
sanctions, and the technology of producing means of deterrence and 
incapacitation. The first two sets of factors appear to be especially 
relevant lor analysis of data relating to the classes of executing and 
noncxccuting stales. 

A central beliavioral implication of the model is that the optimal 
magnitudes of all three deterrence variables generally must rise as a 
result of an increase In the marginal social damages from crime due to 
exogenous factors. Since stability conditions for optimal law enforcement 
arc satisfied if, among other related conditions, the marginal damages 
from crime arc monotonically related to the rate of crime in the pop¬ 
ulation,^'’ an increase in the crime rate due to exogenous factors would 

This assumption can be jastified partly on the grounds that the resource costs 
expended by offenders in the course of their criminal activity rise with the frequency of 
crime committed (especially by new “entrants”) and because the marginal costs of 
apprehending and convicting offenders are expected to be an increasing function of the 
frequency of offenses committed (both C,, and C,ec are positive). Indeed, it can be shown 
that if both the production function of law enforcement activity implicit in C{q, Pc) and 
the supply-of-offenscs function arc of the Cobb-Douglas variety, then an exogenous 
increase in q will necessarily lead to an increase in the magnitudes of severity and 
certainty of punishment even if = 0. Of course, the marginal social valuation of the 
human and nonhuman assets destroyed through crime must eventually rise as their 
“stocks” are depleted with more crimes committed at a point in time. 
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require that the optimal values of deterrence variables be increased. A 
decrease in the crime rate then would have the reverse effects. While the 
theory does not predict that each of the three deterrence variables would 
be reduced as a consequence, it suggests that both certainty of conviction 
and severity of punishment would tend to decline if “punishment” were 
defined as a single-choice variable. More generally, Pe\c and m always 
are expected to move in the same direction if y^ and yj remain constant. 
In particular, it follows that those states where murder rates have 
traditionally been exceptionally low due to factors exogenous to the law 
enforcement system (such as demographic and general economic 
variables) are more likely to minimize the application of, or abolish, the 
death penalty either legally or in practice. These states also are expected 
to impose relatively short imprisonment terms and possibly to have 
relatively low conviction risks. 

The theory allows for corner solutions in the risk of execution across 
states to occur not only, however, as a consequence of autonomous 
changes in the crime rate, but also as a result of changes in factors 
determining the “social cost” of execution. For example, changes 
in political factors strengthening the influence of groups interested 
in greater emphasis on rehabilitation or reformation of offenders, federal 
judicial or administrative rulings, or increased social aversion toward 
harsh punishments would either raise the magnitude of the coefficient 
V, in equation (8) or might lead directly to a decrease in the magnitude 
of Pe\c. Under such circumstances, if a corner solution occurs so 
that execution is abolished de facto, the theory predicts that either 
the probability of conviction or the severity of punishment by imprison¬ 
ment or both will be increased. The intuitive reason is that to, the 
extent that cessation of execution is not motivated by a low level of 
crime, relinquishing the practice of execution must be “compensated” 
through greater reliance on alternative instruments of law enforce¬ 
ment in order to bring about an optimal level of deterrence and 
incapacitation. 

Both predictions appear to be compatible with data on the mean value 
of crime and deterrence variables across various subsets of executing and 
nonexecuting states in 1940, 1950, and 1960. As table 9 demonstrates, in 
all 3 years analyzed, the murder rate is found to be lowest in states which 
abolish the death penalty in law, somewhat higher in states which 
persistently refrain from enforcing the death penalty, and is even higher 
in states which only intermittently refrain from executing convicts. In 
addition, the murder rate is always higher in the corresponding subsets 
of executing states which complement the three subsets of legally or 
practically nonexecuting states discussed above. Moreover, subsets of 
abolition states having exceptionally low murder rates not only choose to 
refrain from using the death penalty, they also tend to set somewhat lower 
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values of conviction risks and imprisonment terms. Indeed, there is a 
strong indication—apart from the regression results in Section II—that 
the relatively low magnitudes of the execution risk variables in these 
subsets are the result rather than the cause of low murder rates. As table 9 
shows, the subsets of persistently nonexecuting states are characterized 
by much lower frequencies of assault and robbery relative to the corres¬ 
ponding executing or retcntionist states in all 3 years considered. Given 
the regression results, the differences between the crime levels in the two 
cla.s.ses of state.s may be ascribed, in part, to the substantial differences in 
demographic variables, such as the percentage of nonwhites, and possibly 
to other “missing” or misspecified factors.To some extent, the 
relatively low frequencies of as.sault and robbery may even be contributing 
causes for the legal or practical abolition of the death penalty, because 
murder is often a by-product of assault and robbery and the enforcement 
of capital punishment may have restraining effects on these crimes as 
well (see Section If). Thus the incentive to enforce the death penalty 
might be rnonotonically related to the frequeneies of assault and robbery 
as well as of murder. Again, there is .some evidenee that at least severity 
of imprisonment for assault and robbery tends to be lower in abolitionist 
than in retcntionist states. 

.\t the same time, table 9 reveals that in the set of states which refrain 
from enforcing the death penalty in a given year, but not necessarily over 
a grt'atcr period, and in which murder rates are found to be higher than 
in the relatively smaller subset of persistently nonexecuting states, both 
probability and severity of imprisonment for murder appear to be higher 
than in tiie complementary set of executing states. This is the case in all 
3 years considered. Furthermore, in 1960 even the set of persistently 
nonexecuting state.s, considerably larger in 1960 than in 1950, is charac¬ 
terized by higher values of probability and severity of imprisonment for 
murder relative to the complementary set of executing states. This 


Ouc to the small number of states included in the subsets of states where execution 
is illegal, the means of the state statistics based on single-years data must be viewed with 
caution. (See also n. 32 below.) 

^ ‘ 'I'he simple mean levels of JVIV in executing (cols. 3 and 5 in table 9) and non- 
executing (cols 4 and fi in table 9) subsets are 12.3 and 11.0 as against 2.0 and 2.2 
in 1950, and 12.9 and 11.4 as against 2.2 and 1.6 in 1940, respectively. The corresponding 
mean levels of also arc slightly lower in nonexecuting states in both years. It also 

seems that abolitionist slates tend to be more urbanized than rctentionist states in both 
1940 and 1950. Other variables examined in the regression analysis do not differ markedly 
between the two subsets. 

Average and median imprisonment terms served for murder in nonexecuting states 
may be higher chan those in executing states simply because murder convicts liable for 
capital punishment receive long prison sentences in the former class. That this technical 
consideration may not provide the main explanation for the observed differences in actual 
imprisonment terms between executing and noncxccuting states is apparent from the 
fact that states where the death penalty was illegal in 1950 did not have a higher median 
imprisonment term than states which still retained the death penalty in that year. 
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tendency for greater reliance on certainty and severity of imprisonment 
in specific subsets of nonexecuting states, especially in more recent years, 
is compatible with the theoretical expectation that reductions in execution 
risk prompted by an increase in the social cost of execution and related 
exogenous factors would result in compensatory changes in certainty and 
severity of alternative punishments. The existence of such a tendency is 
not inconsistent with the hypothesis that capital punishment and other 
penalties do exert a restraining effect on the murder rate. It is at least 
compatible with the assumption that law enforcement bodies behave in 
accordance with thai hypothesis.^^ 

IV. Summary and Conclusion 

Contrary to strong inferences of many death-penalty researchers who 
interpreted their evidence as a categorical denial of the deterrence 
hypothesis, this study as well as a related analysis based on time-series 
data develop evidence not inconsistent with that hypothesis. The case for 
the deterrence theory is based, in part, on a critical evaluation of earlier 
works (see n. 1). In the main, the case is based on new empirical findings 
and their compatibility with a set of predictions derived from the theory. 

Before summarizing the main findings of the empirical investigation, 
some of its inherent limitations must be stressed. The present analysis 
does not account systematically for potential simultaneity relations 
between crime rates and deterrence variables—especially the risks of 
execution and conviction. Although the simple remedies to the problem 
invoked here may lead to an understatement of the true effect of execution 
risk, the net direction of the bias cannot be ascertained with confidence 
because the estimates of effects associated with other deterrence variables 
may not be statistically consistent. There are many imperfections 
associated with measures of the probabilities of conviction and execution 
and the severity of imprisonment as viewed by potential offenders. The 
regression equations do not include estimates of the extent and quality of 
medical services available across states, and the interdependencies among 
murder, robbery, and aggravated assault are dealt with only in a partial 
manner. While the present investigation deals with the choice of an 
optimal regression format, it does so only in the context of restricted 
families of “power transformations.” All the statistical tests conducted 
are conditional upon the validity of the assumptions concerning dis¬ 
turbance terms. 

’ ’ Although this analysis of optimal law enforcement against murder has been applied 
here in explanation of changes in execution status across different states, it also can be 
applied in explanation of trends in the enforcement and status of capital punishment in 
connection with murder and other “capital crimes” over time. An attempt along these 
lines IS included in a related unpublished paper where the social loss from offenses is 
generalized to incoi^rate a criterion of “equity” in addition to that of efficiency. 
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At the same time the consistency and stability in the results obtained 
upon application of efficient estimation procedures, given the sample 
limitations, and their consistency with specific theoretical predictions and 
previous findings seem remarkable. Indeed, it is noteworthy that all the 
deterrence variables examined in this analysis yield the expected results 
in connection with murder and other crimes, and that the coefficients 
associated with explanatory variables other than constant terms appear 
statistically indistinguishable across different samples as well as across 
subsets of executing and nonexecuting states. In particular, the subsets 
based on data from executing states indicate that when enforced the death 
penalty exerts a restraining effect on the frequency of murder and 
possibly robbery as well. The investigation shows the existence of distinct 
execution and imprisonment effects; both P°e\c and T appear to exert a 
deterrent effect on murder. Indeed, because the effect of imprisonment is 
accounted for explicitly in the analysis, this investigation, more directly 
than the earlier time-series study, indicates that capital punishment has a 
differential deterrent effect over and above the actually enforced im¬ 
prisonment terms. The effects of execution risk and other deterrence 
variables arc largely unaffected by the introduction of additional 
explanatory variables, including the “prices” associated with related 
crime.s and other indicators of relative rewards. Even introduction of risk 
of death through police intervention (sec n. 24) does not affect the regres¬ 
sion results. Moreover, as predicted by the theory, the estimated 
elasticities of murder rates with respect to measures of conviction risk are 
significantly larger than the estimated elasticities associated with measures 
of the conditional risk of execution. Also, that the estimated elasticity of 
the murder rate with respect to conviction risk exceeds the corresponding 
elasticity with respect to imprisonment severity is not inconsistent with the 
analysis of optimal public defense against murder (see n. 28). The joint 
estimation of “supply functions” associated with murder, robbery, and 
aggravated assault, as well as the pooling of the 1940 and the 1950 
samples, narrow the confidence intervals associated with point estimates. 
Furthermore, the analysis of changes in murder rates within states 
between 1940 and 1950 produces results which corroborate the general 
cross-sectional findings. 

More important, the basic set of results derived in this cross-sectional 
investigation is in essence the same as that derived from analysis of time- 
series data on murder, although the results have been obtained through 
different estimation procedures and although the time-series analysis did 
not account for possible variations in imprisonment severity and other 
relevant variables. The corroborating independent evidence from the 1940 
and the 1950 cross sections does not support the profjosition that the time- 
series results on deterrence are merely artifacts of the 1960s or the result 
of “missing factors” such as the Vietnam War or the proliferation of 
handguns. Despite statistical differences, point estimates of the elasticity 
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of the murder rate with respect to measures of unconditional probabilities 
of conviction in the time-series and cross-section analyses lie within each 
other’s confidence intervals (compare, e.g., the results in EhrUch [1973, 
table 7] and the results reported above in tables 3, 4, and 8). The larger 
point estimates of the effect of the unconditional risk of execution on the 
extent of the murder rate in the cross-sectional analysis may be the result 
of the fact that the data permit the estimation of such an effect within the 
set of states with positive executions, whereas the aggregate data used in 
the time-series analysis have not allowed for a separate estimation of 
deterrence effects within strictly execution states. Tentative estimates 
of the average trade-offs between executions and murders computed via 
the method employed in the time-series study (Ehrlich 1975a, section 
IlIB) on the basis of the GLS results reported in equations 1-4 in table 8, 
for example, range between 20 and 24 murders for one execution. It is 
important to stress that these estimates arc based upon regression co¬ 
efficients derived through the GLS estimation procedure which does not 
insure consistent estimates. They also arc conditional upon specific data 
limitations. ^ ^ 

One of the conspicuous results of the cross-sectional investigation is the 
strong statistical association between crime rates, especially murder and 
assault, and the percent of nonwhites in the population. However, the 
NIV effect may, in part, reflect the roles of other demographic variables 
not fully analyzed in this paper. Its magnitude is reduced when djs-j* 
replaces the usual AGE (15—24) variable. The N}V effect in the cross 
section may largely reflect the effect of low earnings opportunities, 
specific to nonwhites, which are not accounted for directly in this 
analysis. The relevance of the latter factor is indicated by the fact , that 
both my time-series analysis and the examination of murder changes 
between 1940 and 1950 fail to uncover any significant association between 
and murder over time. 


See the discussion in Ehrlich (1975a, p. 408). It is possible that the cross-sectional 
elasticities are biased upward relative to the time-series results due to “spillover effects” 
(see Ehrlich 1974, n. 25) that result from interstate movements of offenders in response to 
mtentate variations in deterrence variables. However, the results show that the estimated 
elasticities associated with conviction risk are much more similar across the time-series 
analysis. More generally, it seems unlikely that “spillover effects" 
\wuld be empirically important in connection with crimes against the person. It should 
be pointed out that the estimated elasticity of the murder rate with respwet to feje, in 
principle, includes both deterrent and incapacitation effecu. An estimate of the latter 
derived U^ough a prt^cdurc similar to that used in Ehrlich (1975a, p. 413) indicates that 
the iMgmtude of the incapacitation effect is at most 0.08, much lower than the estimated 
elasticities. 

” It should be emphasized that in 1940 and 1950 there do not exist estimates of the 
total number of murders within individual states so that even tentative tradeoffs cannot 
be ca^i^ted without additional assumptions. The numbers mentioned above are 
tmpbed by the relevant elasticities associated with measures of execution risk on the 
aoumpuon that urbyi and rural murder rates were identical in the states included in 
tne general sample underlying table 8. 
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Another intriguing issue concerns interdependencies between levels of 
crime rates and deterrence measures in executing and nonexecuting 
states. Consistent with analysis of optimal social defense against crime, 
the persistently nonexeciiting states face substantially lower risks of 
victimization through murder and related crimes than do the persistently 
executing states. Tlie low crime levels in the former class of stales, in turn, 
can be partly attributed to factors whose influence is reflected by the 
percentage of nonwhiles in the population and related demographic 
variables. Some of the apparent differences in crime levels across the two 
classes of states, as revealed through the regression model, also may 
result from understatement of the true (perceived) risks of execution in 
states classified as “zero” execution risk states. A fuller analysis of the 
differences in crime levels across these classes and of the variations in 
execution policy across states and over time must await future research. 

Hopefully, the main contribution of this research lies in the suggestion 
that the basic economic and econometric frameworks used by economists 
to explain behavior in the marketplace can also be applied in explaining 
criminal and perhaps some other behavior traditionally labeled as 
"deviant.” 'I'he regularities uncovered in connection with movements in 
crime rates and law enforcement activities pose a challenge for future 
lesearcli. The economic approach might prove useful in analyzing 
recidivism by ott'cnders, the impact of legitimate employment and 
training opportunities, apparent racial and sex differences in participation 
in specific crimes, international variations in crime rates, and public and 
private protection against crime. As to the policy implications emanating 
from the new findings, however, basic theoretical and methodological 
questions remain unanswered because of the complexity of the. range of 
choices available and the diflicullics a.s.sociated with quantifying basic 
parameters affecting the social costs from offenses and other targets of 
social [lolicy (see 11 . 33). Estimates of the restraining effect of the risk of 
execution in terms of the implied trade-offs between lives sacrificed and 
lives saved, though apparently not negligible, must be viewed as tentative 
and imprecise also because they may not represent the relevant marginal 
trade-offs. But even if the estimates were accurate, they simply might 
indicate the extent of the full social costs associated with sacrifices of the 
lives of convicted persons for the lives of potential victims, assuming that 
the actual policy toward capital punishment has reflected a local social 
optimum. Perhaps the main policy implication of the present study lies in 
the support it lends to the general deterrence hypothesis. Indeed, if 
punishment did not deter offenders, then incapacitation and reformation 
of those apprehended and convicted would become the sole means of 
crime control. Not only would such means be of limited usefulness 
because of the small fraction of potential offenders who would be in¬ 
capacitated or reformed at a point in time given the relevant costs, but 
incapacitating penalties are intrinsically inefficient modes of taxing 
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illegitimate behavior from a social point of view. In contrast, if offenders 
do respond to incentives, punishment and law enforcement become more 
expedient means of crime control independently of any incapacitating or 
reformatory benefits of sanctions. Indeed, incapacitation and related 
“cruel” punishment, in principle, can be replaced by more “humane” 
penalties involving smaller deadweight losses. Moreover, crime control 
could be achieved through an optimal balance between both negative and 
positive incentives. 


Appendix A 

An Analysis of Transformations 

Assuming that the correct functional form of the supply-of-offenses function 
belongs to the following single-parameter class of “power transformations” 
involving all the variables of relevance, one may write that function 

q\>-^ = a + + PiPe\c\^^ Jr ... + u„ (AI) 

where the operator (,i) associated with any variable Jf, is defined by — l)//l. 
The X = I defines the simple linear transformation with all variables represented 
by their natural values, and A = 0 defines the logarithmic-linear transformation. 
A search for an optimal transformation can be pursued via direct application of 
the Box and Cox analysis of transformations (1964). 

In applying the Box and Cox analysis it is assumed that for some unknown A 
that u, ~ A^(0, <T^) and that the variables on the right-hand side of (Al) are 
uncorrelated with the error term. The determination of an optimal specification 
is then achieved by first calculating the maximized log likelihood function 
(excluding constant terms) for alternative values of X: 

i-n... W = - ^ In d^(X) + (X - In (.A2) 

^ i=l 

After dcu-rmining the inaximi^.mg value A, alternative values of A can be rejected, 
using large sample maximum-likelihood theory, by testing whether they belong 
outside of an approximate 100(1 — a) percent confidence interval obtained 
from: 

2[L 

max (A) 

^max W] < xfM, (A3) 

where /f(a) denotes the statistic with 1 df. It can easily be shown through an 
application ol Box and Cox’s analysis that in the case of weighted regressions, 
equation (A2) becomes; 

~ “ In d-'^(A) 4- (X — I) ^ In 4- “ ^ In A^j, (A4) 

where <t ^(A) denotes the maximum-likelihood estimate of residual variance 
calculated from the weighted regressions and the denote the weights. Since 
tests for homoscedasticity reported in Appendix B show that the error terms in 
equation (Al) are not homoscedastic, and the analysis of residuals suggests 
optimal weights for obtaining GLS estimates of equation (Al), both equations 
(A2) and (A4) are utilized in the pursuant empirical investigation to calculate 
the relevant log-likcKhood functions. 
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Ku"). 1 Maximi/.cd log-iikcHhood functions for Box and Cox tests 


I'hcsr tests for optimal transformations have been repeatedly applied against 
data relating to both subsets of states with positive executions and to the full 
samples of states in both 1940 and 1950. The regression models used in the 
computation of equations (A2) and (A4) are those underlying equations (5) and 
(6) in the text, and the tests were conducted with alternative weighting factors 
and with dilfrrerit estimates of execution risk. A sample of results for selected 
tiansformaiions is reported in table 4, parts A and B. In each table detailed 
regression results are reported for transformations by A =? ) (the simple linear 
forms), X ~ 0.001 {the approximate log-linear transformation used in connection 
wiilt the full-observation set), and by X (the maximizing value of /^in8*[A]). 
Figure 1 depicts the maximized log-Iikelihood functions derived from an analysis 
of one subset of executing slates and one full-observation set and indicates the 
approximate 95 percent and 99 percent confidence intervals associated with X. 

The implications of the Box and Cox tests are rather decisive. Without ex¬ 
ception, the tests conducted show that the simple linear form must be rejected as 
an optimal transformation. 'Fhe value of^max (X — 1) lies far outside the 99 per¬ 
cent confidence interval around X> In contrast, in all of the tests performed, the 
log-likelihood function evaluated at A = 0 (in executing subsets) or A = 0.001 
lies within the relevant 95 percent or the 99 percent confidence intervals. 

Furthermore, the same unequivocal results arc found in tests of transformations 
related to regression equations where the pair {P°c, P°e\c) is replaced by cither 
{P^Cf P*^e) or by {P^m^ P**e) —the basic “prices” of the model (sec the discussion 
in Sections IA and IC). The regression results derived via the latter specification 
also are found to be consistent with the theoretical expectations. The effects of 
both Pc and Pe or Pm and are negative and statistically significant. Moreover, 
the relative magnitudes of the various deterrent effects estimated via the al¬ 
ternative models are found to be the same as chose expected from analysis of 
equation (1). 
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The preceding analysis indicates the relative superiority of the logarithmic 
over the simple linear functional form within the class of transformations (Al) 
which includes both forms as special cases. In view of the discussion in Section IC 
and the evidence developed in this Appendix^ it also is of interest to evaluate the 
logarithmic transformation within an alternative class of transformations that 
includes a semilogarithmic functional form as a special case. That class is given by 

\nq = a + + • • • + u. (A5) 

Here X = 1 deBnes the conventional semilogarithmic specifications and A = 0 
defines the logarithmic form. By invoking the assumptions made in the preceding 
discussion, an analysis of transformations can be pursued through a similar 
application of the Box and Cox approach. The maximized log likelihood, for 
6xed A, is here, except for constant terms 

U.. W= - I In d'HX). (A6) 

In the tests conducted in connection with equation (A5), the value of A that 
maximizes equation (6), X, is much closer to A = 0 than to A = 1. More im¬ 
portant, the 99 percent confidence interval around A always includes A = 0, 
whereas A — 1 is always far outside that interval and must therefore be rejected 
as an optimal transformation. 

The general conclusion emerging from these analyses is that under the as¬ 
sumptions concerning the distribution of the disturbance terms, the logarithmic 
transformation cannot be rejected as an optimal transformation within the classes 
of “power transformations” considered in this analysis. 


Appendix B 

The Estimation Procedure and Variables Used 

I, The Estimation Procedure 

The implicit assumption underlying the estimation procedure is that the relative 
variation in exogenous factors controlling demand-for-enforcement and pro- 
duction-of-dctcrrcnce functions is sufficiently greater than that of missing 
exogenous or stochastic factors controlling supply relationships so that the latter 
can be “traced out” effectively. Previous research indicates that this assumption 
is not at odds with findings concerning the effect of conviction risk and imprison¬ 
ment severiiy: the relevant estimates derived via OLS and TSLS techniques 
have been compatible.^* It should be emphasized that, due to data exigencies, 

Compare ihc OLS and TSLS estimates of supply-of-offenscs functions in Ehrlich 
(1970, 1974). Estimates of actual lime served in state prisons by prisoners released in 
sample years have been treated as an exogenous variable even in these earlier analyses 
partly because of the apparent stability in the distribution of T relative to that of crime 
rates over periods preceding specific sample years and partly because this variable may 
in large measure be a true “predetermined” variable in view of the time lag between the 
date in which offenders arc sentenced and their parole eligibility determined and the 
time of their actual release from prison. Even in the time-series analysis of murder 
(Ehrlich, 1975a), where no account could be taken of changes in imprisonment severity, 
the results derived through the simultaneous-equation technique have been found to be 
quite similar to (unpublished) OLS estimates of the supply-of-offcnses functions. 
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the measure used in this investigation to estimate the length of imprisonment 
anticipated by potential offenders in 1940 is the actual time served by prisoners 
released in 1951 rather than in 1940 (T^q). Neither the 1940 nor the 1951 
measure should necessarily give rise to an important simultaneous-equation bias 
(see n. 36). But the use of Tjq as an instrument in the 1940 regressions should 
practically eliminate biases due to a potentially limiting impact of prison 
“crowding” on the opportunities to execute long imprisonment sentences in 
slates which experienced unanticipated increases in crime rates in 1940. In 
contra.st, use of in the 1940 regressions, in principle, might generate biases 
due to a potential tendency to mete out relatively long prison sentences in states 
that experienced relative increases in crime rates in 1940 and because the actual 
figures should be inaccurate measures of the anticipated terms in 1940. The 
fact that the estimated coefficients of ^30 as well as of other deterrence variables 
in the 1940 and the 19.50 regre.>i,sions are found to be statistically indistinguishable 
^see Section 1IB.5) lends support to the particular assumption that the instru¬ 
mental me-a.sures of imprisonment terms may be considered “exogenous” or 
predetermined variables. 

\ special problem arises in connection with nonexecuting states. In the 6rst 
place, ihis class of states, which is at a “corner solution” with respect to use of the 
death [lenalty, in practice is found to be an outlier insofar as the rale of crime is 
concerned. Nol only is the murder rate exceptionally low in this class of states, 
but the rates of robbery and assault there are exceptionally low as well (sec table 
9). Analysis of optimal defense against murder suggests that declines in the 
supply of offenses due to exogenous factors would decrease the desire to impose 
severe sanciions on offenders. Thus, if there were signiBcant shifts in supply 
lunelions across subsets of executing and nonexecuting states due to either 
stoehasiie factors or to variables not accounted for in the regression analysis, 
such as medical technology and the degree of social interaction, then these shifts 
could trace out “deiiiand’' rather than “supply” curves (the curves in question 
I'clatiiig q to inverse funeltons of the relevant deterrence variables). Second, and 
more itnporiam. there i.s a difficulty in assigning quantitative values to the level 
of execution risk in nonexeculing states. Despite the fact that all states in this 
class by dclinitioii refrain from execution over a substantial period of time, the 
perceived risk of execution given conviction in these states need not be zero or 
even identical because ol differences in conviction levels across states and because 
ol varying expectations concerning future trends. The problem becomes con¬ 
siderably more severe in regressions based on an approximate logarithmic 
.specification: a transformation of Pe\c — 0 by the Box and Cox technique with 
k set at an arbitrarily small value creates a very large difference between the 
values of Pr\c in executing and nonexecuting states. Such transformation of the 
partly null vector of Pe\c measures thus may create the appearance of a sig- 
niBcanl difference between the constant terms of regressions in the two classes of 
states where none exist. 

A simple remedy is separate estimation of supply curves in the two sets of 
states and a subsequent test of the equality of the subset of regression coefficients 
associated with comparable deterrence variables across these sets. Introduction 
of a dummy variable distinguishing executing and nonexecuting states in the 
pooled sample of states (i.e., allowance for separate constant terms) as a part of 
this procedure could account for either “missing variables” in the supply equation 
or the misspeciffcation of execution risk measures in nonexecuting states and also 
provide a test for the statistical significance of the qualitative effects of these factors. 
These simple procedures can mitigate but not eliminate the potential simul¬ 
taneity biases pertaining to estimation of the relationship between the murder 
rate and the observed risk of execution since they do not address similar difficulties 
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within executing subsets.However, the potential biases that still remain arc 
likely to work against, not in favor of, the theorized deterrent effect of execution.^® 
A second basic problem in the estimation procedure arises from heteroscedas- 
ticiiy in the distribution of error terms. Since the dependent variables are estimates 
of mean number of offenses per population, their variances are expected to be 
negatively related to the relevant population base: samples from urban places. 
Previous cross-sectional studies have shown that the magnitude of squared 
residuals was negatively related to the relevant population size. In this study the 
hctcrosccdasticity postulate has been subjected to a parametric test suggested by 
Goldfeld and Quandt (1965). The test has been applied by dividing the sample 
underlying table 8 into high- and low-population stales after omitting the middle 
k states, with k denoung the number of parameters estimated. The results prove 
decisively contradictory to the hypothesis of homoscedaslic errors.^’ In general, 
the scatter of residuals derived from unweighted regressions strongly indicated 
the existence of a negative association between residual variances and cither 
state, urban, or (where available) the sample populations: A^uRB? A^rep, 

respectively. The square roots of these population measures were used alternately 
as weights in deriving GLS estimates of supply functions. 


2. Empirical Counterparts of Theoretical Variables 

The many difficulties associated with use of reported crime rates as measures of 
the true crime rates in the population have been elaborated upon in previous 
studies. A problem unique to this investigation is that the reported rates in 1940 
and 19.50 ( 9 *^) are based on a sample of urban areas, whereas measures of ex¬ 
planatory variables arc based on state data. Because consistent measures of all 
variables could not be obtained, the percentage of the state population residing 
in urban areas (URB) was introduced as a “correcting factor” in the regression 
analysis. An independent reason for the introduction of this variable is given in 
.Section IB. 

I’hc basic theoretical deterrence variables of interest relate to the mean per¬ 
ceived probabilities of conviction and execution in the population and to the 
anticipated cost of imprisonment. 'I'hc respective empirical counterparts of these 
variables have been estimated via measures of objective risks of conviction and 


For example, Schuessler’s ranking of 4! executing states according lo their average 
homicide rales and execution risks over the period 1937-49 showed that stales ranked 
in the highest quartile by their homicide rates had the second highest measure of un¬ 
conditional risk of execution (see .Schuesslcr [1952, p. 60]). 

The argument can be illustrated unambiguously for the following simpliBcd system. 

Let 

In ^ = a + t In Pe + «, (I) 

In = a 4- ^ In (? + y in Z + 17, (11) 

where Z denotes a vector of exogenoas variables. The theory predicts that < 0 and 
5 > 0. If the disturbance terms u and v are uncorrclaled 


plim 6 = 64 - 


/lVar(u)(l - bp) 
Var («) 4- Var («) 


> 6 , 


where b denotes the linear least-squares estimator of b. The analysis is more ambiguous, 
however, when other endogenous variables arc introduced in equation (I). 

For example, the P'-ratios calculated on the basis of OLS residuals derived from 
equations 2 and 4 in table 8 and ordered against the urban populations in each state are 
^ 39,39 = 5.50(5 and F 29,19 = 5.125, respectively, significant even at the 1 percent level. 
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execution and by the actual length of time served in prison by those released from 
prison. The construction of each of these measures is discussed in turn. 

A desired measure of /V|c is the ratio of executions to convictions for capital 
murder in the relevant years. However, inspection of the data reveals that the 
number of executions per state in a given year was generally small even in 1940 
and 19.‘70 and exhibited large percentage changes from year to year. Since these 
lluctuations amount to severe “sampling errors,"**® an average ratio of executions 
to convictions over a number of years would provide a more stable measure. 
Independent data on convictions are available only in the sample year and only 
ior the category of ail inuiders. Thus, measures have been computed by averaging 
the number oi executions over a number of years preceding and including the 
sample vrar in calculating the numerator of P^e\c = {E°IC°) (for alternative 
rneasuies see table 2). Also, alternative measures have been constructed on the 
basis of exec utions lor all crimes as well as for murder only. The former measure 
may be relevant because ofihe possibility that the infrequent executions for other 
erime.s were imposed in connection with crimes where the likelihood of fatal 
injuries was high. Note that the observed effect of P^e\c includes, in principle, 
both deterrence and incapacitating effects. Assessment of the potential in¬ 
capacitating impact of the death penalty relative to actual imprisonment (see 
n !14) shows it to he considerably below even the smallest empirical estimate of 
die overall impact or/^'’e|c that has been derived in the present investigation. 

riie ratio of all prisoners leceived in state prisons who were convicted of a 
specific crime to the number of corresponding crimes known to have occurred in 
the same state can .serve as an index of the unrondtiional risk of conviction 
. 7 : Since m 1940 and 1050 there is only information pertaining to 

uiban crime rales, iht' absolute number of crimes is calculated a.s the product 

on the assumption that the reported urban rate is an unbiased estimate of 
die Slate rate in slates w ith similar rates of urbanization.^^ 

■*" It IS fur thij. leasuii un<I lor a genei.illy small variability in the extent ofexecuiion 
-iiruss st.iU's dial data from the year lOfiO are noi inciudcfi in this investigation. In that 
yeai and in a lew eailiei and subsequeiu years, the overall number of executions was 
ali<*ui hall of die corrospofuling datum iti lO.SO and about oi\c-third of that in 1940. 
\ifM rover, in I'J out of '..10 executing slates in lOtiO for which complete data were av'ailable, 
only a single exeiuiion occulted in that year with the trend m all Males dearly leading 
toward a pradieal aboluuin of the death penalty. At such small Icveh of executions in 
each Slate and with an attenuated disiiibution ofexecuiion risk measures, the effects of 
<'i iors in the e.slinuues of exeruiion risks are likely 10 dominate the comparisons across 
.Htates. 

Bei.inse the nuiner.ilor of P*'c is an estimate of the total number of persons com¬ 
mitted to stale prison and the denominator is an estimate of the number of crimes known 
to have occurred in a giv'en year, their ratio can exceed unity as is the case for two states 
in 19'')0 where /"<• for robbery and assault exceeds one. A similar observation applies in 
one slate in 19M1 in connection with P’*c. For a related reason an estimate of P^€\c 
{PK^A IS found (o exceed unity in one state in 1940. The implicit assumption, of course, 
IS that these in.strumenfal measures are proportionally related to the true probabilities. 

.As has been pointed out elsewhere, estimates ofPr derived by deflating measures of 
conviction by measures of reported crimes may bias the effect of P**c on 7 ® in a negative 
direction due to the correlation between common error terms, although a spurious 
correlation in a positive direction is also possible due to the effect of the true levels of Pc 
on the incentive to report crimes (see n. 43 below). Note, however, that because the 
numerator of the dependent variable 7 ® is different from the denominator of P**c in 
regressions using FBI crime data, the potential negative spurious correlation is mitigated 
in this analysis. For further elaboration on issues relating to measurement of P®c and its 
estimated effects see Ehrlich (1974, appendix 1 in his section III). 
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Punishment severity is measured by the median time served in state prisons by 
prisoners first released from prison, T'. Since the relevant theoretical variable is 
the cost of imprisonment m rather than its length, the partial elasticities of offenses 
with respect to T are expected to be lower than those with respect to m, especially 
when imprisonment terms are long (sec Ehrlich 1974, p. 125). In addition, 
although an increase m m is expected to reduce the incentive to “enter” a 
criminal activity by the analysis of Section lA, longer imprisonment terms may 
also lead to greater rates of recidivism on the part of those released from prisons 
due to possible adverse effects of imprisonment on relative legitimate employment 
opportunities. In contrast, imprisonment entails an incapacitating effect on those 
imprisoned, which operates to reduce the rate of crime independently of the effect 
of punishment on in* eniives. in general, the observed effect of T, and conse- 
quentlv also that of as measured in the regression analysis, is a mix of all of 
these effects. (For some calculations of the potential incapacitating effects of 
imprisonment see Ehrlich [1974, p. 10!^).)^^ A list of all variables used in the 
regression analysis is given in table 2.^'^ 
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The Demand for Supplementary Health 
Insurance, or Do Deductibles Matter? 


Emmett B. Keeler. Daniel T. Morrow, 
and Joseph P. Newhouse 

RAS'D Corpnrtjtion 


A model in which tlie individual with median anticipated health 
expcndiiui cs can choose the level of deductible supplementation for his 
group IS used lo estimate the demand for supplementary insurance, 
niirerenccs between individually purchased and group insurance aic 
discussed. (Haims and expenditure data are used to show that demand 
for supplementation of outpatient services will be small unless the tax 
subsidy of insurance iscontimied. Expeiiencefrom Medicare corroborates 
these predictions. 


.\ nuiiibor ofecontiinisls have advocated national health insurance (NHl) 
plans that contain a large income-related deductible (Feldstein 1971; 
Pauly and Kihlstroin 1971). Other propo.sed NHI plans have provided 
for moderate income-related dedvictiblcs (the 1974 administration and 
Kcnncdy-Mills Bills) or larger nonincoiiic-related deductibles (the Long- 
Ribicoir Bill). But it is argued by many that such deductibles would fail 
to achieve their aims because consumers would simply purchase private 
insurance that supplemented the NHI plan and would therefore be fully 
covered. The National Cienter for Health Services Research appears to 
feel there is a consensus on this point; their recently i.ssued Program for 
Health Services Research (1976) states that “it generally is believed that 
consumers might subvert fan income-related deductible’s] intent by the 


The authors wish to thank Willard Manning, Bridger Mitchell, Charles Phelps, 
Robert Roll, and Michael Rothschild for helpful comments on an earlier draft. The 
research reported herein was performed as part of the Health Insurance Study, a grant 
from the U.S. Department of Health, Education, and Welfare, Washington, D.C. The 
opinions and cone lu.sion.s expressed are solely those of the authors and should not be con¬ 
strued as representing the opinions or policy of any agency of the U.S. government. 
[Jownal of Political Economy, 1977, vol 05, no. 4} 

>0 1977 by The Univenity of Chicago. All rights reserved 
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purchase of supplementary, front-end insurance.” Numerous others have 
also argued in this manner (Eilers 1971, p. 264-65; Evans 1973, p. 120; 
Clohen 1975, p. 295; McClure 1976). 

This paper considers whether there would be a demand for supplement¬ 
ary insurance below a moderate NHI deductible of $200 per person 
per year or less. Other work suggests that this sized deductible could well 
alter the demand for medical care relative to a full coverage plan (New- 
house, l^helps, and Schwartz 1974), which makes the potential market for 
supplementary insurance an important issue. Our analysis suggests that 
demand for supplementary insurance that eliminates the cost sharing will 
be negligible if there is no favorable tax treatment of supplementary 
insurance. For the larger deductibles of the Long-Ribicolf or Feldstein 
plans demand for some supplementation may be substantial, but our 
calculations show that full supplementation would not be sought. 

In deriving our results, wc also develop a new theoretical proposition. 
.\rrow (1963 ) has shown that the marginal value of individually purchased 
insurance to a risk-averse consumer rises as the deductible rises. We show 
that this result need not hold for group-purchased insurance. Because 
more than 80 percent of private health insurance is currently purchased 
ihtough groups, this fpialiRcalinn is of practical importance. 

I. Policy Significance of Supplementary Insurance 

In iliis paper we analyze stipplementary insurance that covers a moderate 
deductible instead of policies that reduce any coinsurance that may apply 
above the deductibles because we believe coinsurance has less effect on 
demand (itr outpatient services.' Wc expect little increase in demand for 
hospital services from a NHI program because of extensive existing cover¬ 
age, but the increase in demand for odice visits could be 75 percent or more 
if no deductible is included in a national plan (Newhouse ct al. 1974). Be¬ 
cause existing supply could not accommodate such a demand increase, there 
would very likely be extensive nonpricc rationing of services if supple¬ 
mentary insurance were widespread. Moreover, full-coverage insurance 
eliminates any basis for price competition, whereas a moderate deductible 
preserves the possibility of price competition for nonhospital services. 

Theory suggests that demand as a function of a deductible approximates 
a logistic curve (fig. 1) (Keeler, Newhou.se, and Phelps 1977). If the NHI 
deductible were set at </, with the intent of restraining demand,^ it is 

' Nor do w<- consider demand for insurance that might cover fees charged in excess of 
what a public insurance plan will pay for. In effect, we assume such insurance is in force 
(if the public plan does not pay for everything) through our assumption that the co- 
insurance rate above the deductible is zero. 

^ Opponents of a NHI deductible argue that it would perversely limit demand for 
preventive or early care and thus increase total demand in the long run and lead to worse 
health outcomes. There is little, if any, evidence to either support or refute this claim. 
However, if true, it is possible to waive cost sharing for certain preventive services such as 
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Quantity 



important to know whether or not many persons would supplement down 
to ^2 or beyond. If this occurred, inclusion of a deductible in the NHI 
plan would not be effective in avoiding the demand increase. There is 
little evidence on where might lie; however, only 28 percent of the 
population had expenditures exceeding $200 in a national probability 
sample survey, which is consistent with d^ lying near $200. 

The discussion in this paper assumes that the cost-sharing provisions 
in a NHI plan apply to total expenditures (i.e., unreimbursed and reim¬ 
bursed). The entire issue of supplementary insurance could be rendered 
moot by defining the national health insurance plan to apply to unreim¬ 
bursed expenditure (just as the current medical deduction on the personal 
income tax does). In that case, it is extremely unlikely that there would 
be any demand for supplementary insurance. ^ Since none of the major 


immunizations. The level of the deductible also determines the proportion of total 
expenditures for medical services which flow through the public budget for NHI Because 
of the opportunity cost or political cost of public expenditures, it may be desirable to shift 
medical expenditures from the public to private budgets. P’or example, increasing the 
annual per person NHI deductible from $100 to $200 would, we estimate, transfer 
$.'■>.7 billion to private budgets. 

^ Suppose the NHi plan has a deductible of %X that applies to unreimbursed ex¬ 
penditures. In that case, an individual who purchases a supplementary policy that covers 
the first $A’ implies he is willing to pay the loading fee for the policy rather than incur an 
exposure of $.Y. But, of course, after purchasing this policy, he still has an exposure of $Jf 
so by assumption he would buy a policy to cover the next $.T. (There is an income effect 
that tends to restrain the consumer from continuing in this fashion, but the income effect 
should be empirically negligible.) Thus, the consumer, if he supplements at all, would 
generally continue to supplement until he is completely covered by a private policy. 
However, at ovmplete coverage the actuarial value of the private policy will amount to 
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NHI bills before the (longrcss limits public insurance to unreimbursed 
expenditure, nor docs the Medicare program, we may proceed with our 
analysis. 

II. A Model of Supplementation 

The loading fee of an insurance policy is the proportion by which the 
premium charged to the consumer exceeds the expected insurance pay¬ 
ments to cover the costs of selling and administering the policy and risk 
bearing by the insurer. The lower the loading fee, the more attractive 
insurance becomes to the consumer (Phelps 1973). In this section wc show 
that even with assumptions that should favor supplementation the 
maximum loading fee a consumer would be willing to pay for any supple¬ 
mentation liclow a moderate deductible is generally smaller than any 
company could oiler without a tax subsidy. 

Wc lirst derive a simple formula for the largest loading fee that the 
consumer would pay and then use expenditure data from the 1970 
survey of the Center for Health Administration Studies and the National 
Opinion Research Center (CHAS-NORCl) to estimate the parameters in 
the (ormula (.Anderson et al. 1973). To simplify our argument, we assume 
that (1) supplementary insuranee has no cfl’ect on demand; (2) the 
eoirisui aiice rate above the ilodvictiblc rate is zero, and (3) insurance is 
purchased through a group. However, these a.ssumptions are not critical 
to our results. 

The elfects of supplementation on demand are the reason for this 
analysis, sti it may seem odd to assume that supplementary insurance has 
no cHect. Nevertheless, it tmikes analysis much simpler, and if supplement¬ 
ary insurance is not bought if it has no effect on demand it should not be 
bought if it increases demand. This follows if there is any welfare loss to 
the consumer from the subsidy that supplementary medical Insurance 
represents (see Keeler ct al. 1977 for an estimate of this welfare loss).* 

Our seetind assumption is that the coinsurance rate above the deduct¬ 
ible is zero. Reduction of coinsurance should be more attractive to more 
consumers than reduction of the deductible because its marginal admin¬ 
istrative costs should be relatively small (the company administering the 
policy covering above deductible expenses has only to increase the amount 
of a check it must already write) and because demand should be more 


several hundred dollars, so that the premium will exceed the values of that wc consider. 
Thus, the coiuumer will prefer a probability of spending to the certainly of spending a 
larger amount on a premium, and there will be no market for supplementary insurance. 

* Because supplementation increases demand, individuals are more likely to exceed a 
deductible and so obtain publicly financed benefits for cxp>enditures in excess of the 
deductible. However, these benefits above the deductible are available to the individual 
whether he purchases supplementary insurance or not and so do not affect his decision 
to purchase supplementary insurance. 
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sensitive to reductions in a moderate deductible than to reductions in 
coinsurance (and therefore losses due to insurance distortions are greater 
[see fig. 1]). For these reasons, if we show that supplementary insurance is 
purchased against a deductible we may assume that insurance against 
any coinsurance above the deductible will also be purchased. If we show 
the reverse, we cannot say whether any coinsurance above the deductible 
will be eliminated, but the critical policy point is whether supplementation 
will eliminate a deductible, as discussed in Section I. 

The assumption of group insurance is favorable for supplementation 
because administrative costs (and hence loading fees) arc much lower for 
group insurance than for individual insurance, and the problem of adverse 
selection (that only the most sickly want insurance) is not as severe.* 
.Suppose then that individual / can decide the deductible level d for a 
group to which he belongs. Let the NHI plan have deductible D. If Bi{d) 
is the benefit to i of his group having insurance with a deductible d, 
supplementation of the deductible is attractive if for some d < D, 
n,{d) > 0. By definition, 

Olid) = R,(D) - It,id) + liid) - r,{d) (1) 

where Ri[d) is the risk premium or the dollar value of the risk with 
deductible d, If{d) is the expected payment by the insurer, and Pg(d) is 
the premium for the group policy. We shall explain each of these in turn. 

The risk premium is the amount an individual would pay in excess of 
the actuarial value of his losses to avoid them. Assuming that the 
individual’s preferences can be represented by a utility function that is 
separable in health and money, the risk premium can be computed from 
the individual’s distribution of expenses _/)(*) and his aversion to risk. 
Let h, = min (x,, d) be the random variable of out-of-pocket expenses 
with a deductible d, and let u be the individual’s utility function for 
money. Pratt (1964) measured risk aversion by r = —u"lu' and showed 
for small gambles Z that the risk premium is approximately (r/2) ■ var (Z). 
In the range of deductibles under investigation ($0-$200) and for reason¬ 
able measures of risk aversion (r < .002) this approximation is quite 
good.* Thus, we assume 

R,(d] = r/2(varyi,.) = r/2-£[4, - £(A..)]^ (2) 

* If the insurance is noi mandatory for ail members of the group, adverse selection 
remains a problem (see Keeler, Morrow, and Newhouse 1976, pp. 21-22, and Rothschild 
and Stiglitz 1976). 

^ Two common families of utility functions used in theoretical examples arc —e"” 
and —jc', c < 0. For both functions, the gamble Z for which they differ most from the 
approximation is a .5 chance of losing $200 and a .5 chance of no loss. If r = .002, the 
approximation gives the value of .002/2 * var (Z) = $10, while the assumed true value 

is£t,(Z) = .5,-u-200) _ . 5 ,-r( 0 ) = -1,2459 -a difference of 7 cents. 

If “ = —x', r = (1 — c)lx. Thus, r = .002 is consistent with c = —9, * = 5,000. In 
this case £u(Z) = a(109.94), a difference of6 cents from the approximation. 
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We shall need the derivative below: 


R',{d) = rl2[E{2hr h\] - 2E(h,) ■ E{h])] 

= r{d[\ - F,{d)] - E{h,) ■ [1 - F,{d)]}, (3) 

since h\{d) — 0 for Jf < d, h\{d) = \ ior x > d.^ 

The expected insurance company payment to the decisive individual, 
Ii{d), is given by 

I,id) = j” (^ - dx + {D - d)[\ - F,{D)]. (4) 

The premium for the policy is based on the expected payments by the 
insurance company to members of the group and the loading fee, 6. Thus, 
}\{d) = (1 + 0)1 ^{d) or 

l\{d) = {\ + 0) II” [x - d)f^{x) dx + (D - d)[l - T,(/))]J . 

(5) 

Tlic value of insurance to the consumer varies inversely with the effec¬ 
tive loading fee. When the loading fee is so large that the premium is 
bigger than any possible payment, no one would want insurance; when 
the efiective loading fee is minus one (as it would be if insurance payments 
could be used as a tax credit), insurance is free and everyone would want 
it. For any individual, any deductible, and any proposed supplementary 
reduction to x ^ £) wc can find a break-even effective loading fee 0,, such 
that the individual is indifferent between purchasing or not purchasing 
that reduction. For loading fees larger than 0^ supplementation will not 
be desirable, and (or loading fees smaller than 6^ it will be desirable. 

File associated with full supplementation for the decisive individual 
in the group can be found by solving Bi{0) ~ 0 for 9 to get 


Oo 


R,{D) + 7,(0) 

7 ,( 0 ) 


( 6 ) 


since E,{0) = 0. The 0^ associated with a slight reduction in the deduct¬ 
ible ran be found from the marginal value of supplementation at D, B\[D). 
From (2), (3), (4), and (5), 


B\{D) = -r[l - - £(*,)] - [1 - F,(/))] 

+ (1 + e){l - F,(D)j. 

And so Op is found by solving 5',(£)) = 0 for 0 to obtain 
0 = [1 - P,iDmr[D - E{h,)] + 1} 

" 1 - 


(7) 


( 8 ) 


Formula (8) shows that supplementation will occur at larger loading 


’ Define F,{x) = /J/i(0 dl to be the probability of individual expenditures less than 
X, and f,(x) = dt to be the proportion of group expenditures less than x. 
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fees (i.e., that demand for supplementation will be greater) when pur¬ 
chasers are more risk averse (r is large), when the deductible is large and 
the average loss is small [D - E{hi) is large], and when the decisive 
individual’s probability of exceeding the deductible is high relative to the 
group’s ([1 - Fi{Dm\ - F,{D)] islarge).* 

Let 0™. = 

max d^. 

x^D 

Then if the real effective loading fee is larger than supplementa¬ 

tion to any level below D will not occur. In all cases considered, 
our (unpublished) results show that was associated with either 

a slight reduction in the deductible or complete elimination of the 
deductible (i.e., 0„,„ = max [Oq, 9j)]). In the computations of 
below, r will be assigned several values and d — and will be 

estimated for different groups using the CHAS-NORC data. 

We now summarize the basis of our calculations briefly. A fuller 
explanation of the data, methods, and results is given in Keeler et al. 
(1976), available from the authors. We assume the group considering 
supplementary insurance comes from a firm whose members are repre¬ 
sentative of the under-6.5 nonpoor population.* Only expenditures likely 
to be covered by NHl are counted: hospital, physician services, prescrip¬ 
tion drugs, dental services for children under 18, and vision and hearing 
services. 

The assumed NHI (annual) deductible is varied from $50 to $200 per 
individual and from $150 to $450 per family (in 1975 dollars). We assume 
risk aversion r — .0005 and .002 (in 1975 dollars). These levels are con¬ 
sidered high and should encourage supplementation.'® 

The effective loading fee f? = (1 -I- A)(l — t) — 1 where A is the 
loading fee charged by the company and I is the tax subsidy. Since 
supplementary insurance would involve numerous small claims, admin¬ 
istrative costs are high. We assume that A = 35 percent. Employer 
contributions to health insurance premiums are not currently taxable. 
We assume a marginal tax rate of 31 percent (Mitchell and Phelps 1976). 
If such subsidies are not eliminated under NHI, the loading fee is thus 
(1 + .35)(1 - .31) - 1 = -.07. 


“ Formula (8) also shows that if the loading fee were truly Qp^ then O would be the 
preferred deductible level for the decisive individual. For any other 0, the preferred level 
of rf is the one that maximizes In particular, for individual policies or for groups 

of identical individuals,^/((sr) = for all x, and the maximum occurs at the deductible 
d where d — E{h,) = e/r. 

’ All major proposed national health insurance plans that include cost sharing for the 
general population reduce or eliminate it for the poor and continue the Medicare program 
for the aged. 

' * Friedman (1974) calculates r = .0028 from 1968 health insurance data and remarks 
that the value is high. Feldstein (1973) considers r = .0007 to be very risk averse. Since 
r must be deflated by the CPI, Friedman’s and Feldstcin’s values represent .0017 and 
.0005, res|jcctl^ely, in 1975. 
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TABLE 1 

Ac’iual and Estimated Expenditures 
Dollar Range 

1 , 000 - 

KxpLNmnmi. 0 24 2W9 50-99 100-199 200-499 500-999 1,999 2,000-oo 

Amia! .34 .10 .15 .13 .12 .07 .06 .03 

I'MimaiLd*.. ..36 .11 .12 .11 .12 .07 .05 .06 


•'111! pi ojxii tiiiD III rsprndiiurrs briviarn tin- Itouruls il c\|>rnchturr3 ai<* rii<>(ribu|(‘cl so dial log 

We .i.s.simic lli.'il the i;roiip deckles whether or not to purchase sup¬ 
plementary insurance hv majority vote (Goldstein and Pauly 1976). 
.Since vve a.ssume everyone is equally risk averse, the individual with 
median anticipated expenditures is decisive for the group. The observed 
( :i l.\.S-N( )RG expenditure.s are roughly lognormal (table 1). We assume 
that individual expenditures are also lognormal with log mean that varies 
Iroiu pel son to [lersoti and a log variance 70 percent of the population 
log v.iriaiue ('.Morns 1974). Thus the decisive indivitlual has anticipated 
expenditures with the s;une median as the group, but with a smaller 
vai'ianee. 


III. Re.sults 

l ahle 2 give.s the premiums for full .supplementation and the c.xpccted 
insuratu e pttyineuls ami betiefu from the risk avoided by insurance to the 
median indivitlmd for various group.s ami deductible sizes. The column 
marked 'iiiisiibsidized premium” assumes NHl eliminates the tax 
subsidy, while the next eoluinn gives the elfective premium if the subsidy 
rein,bus t he luisubsidi/.ed premiums arc so large relative to the de- 
duetilile tliat lull supplementation in this case is clearly not attractive. 
Wliv slioiild die median individual pav ,1i44.70 for sure to avoid some 
ehaiiee ol paying I'lie actuarial value of the policy is only $34.30, 

and tlic henelit from the risk avokled liy insurance is only ten cents, 
for an r of dOOri. Since the risk is linear witli r, r would have to be over 100 
times as large lor lull sujjplementatioii to be desirable. 

On the (itlier hand, if liie tax subsidy is continued, the expected 
payments to the median individual are larger than the effective premium 
so there may be supplementation in this case. Still, our assumptions seem 
conservative, ami the overall gain from supplementation is slight. This 
gain might well be outweighed by negative effects of demand shifts or a 
(ixed transaction cost for buying tlie policy. 

I'able 3 gives the maximum effective loading fees consistent with 
purchase of supplementary insurance. The first two columns show the 
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TABLE 2 

Premiums, Payments, and Risk Avoided with Full Supplementary Insurance 

(S) 


Ciroup and Deductible 

Unaubsi- 

dized 

Premium 

Tax-Sub¬ 

sidized 

Premium 

Expected 
Payments 
to Median 
Individual 

Value of 
Risk 
Avoided 
by Supple¬ 
mentation 
(r » .0005) 

Nonpoor adults between 
the ages of J8 and 6*3 
(individual deductible): 

50. 

44.70 

30.80 

34.30 

0.10 

100 . 

75.70 

52.10 

57.00 

0.40 

KIO . 

101.00 

69.60 

74,.50 

0.90 

200 . 

122.60 

84.50 

88.90 

1.60 

Cihildren (less than 18) 
in nonpoor faniilies 
(individuaf cieductibics): 

51) . 

40.20 

27.70 

30.40 

0.10 

100 . 

63.00 

43.40 

45.90 

0.40 

150. 

79.30 

.54.60 

55.90 

0.70 

200 . 

91.90 

63.30 

63.10 

1.10 

Nonpoor families with 

Jicnd under 85 and more 
than one rnembrr 
(family deductible): 

150 . 

171.60 

118.20 

132.50 

0.30 

'100 . 

302.80 

208.60 

233.70 

2.30 

450 . 

411.20 

283.30 

315.00 

6.30 


loading Op at which the individual would be indiUerent between purehas- 
ing a marginal change in his deductible and not purchasing supplementary 
insurance. The third and fourth columns show the for supplementing 
a deductible to zero. The only entry in the table larger than the .35 
loading we believe will prevail is for a $450 family deductible and a risk- 
aversion parameter of .002. Even in this case, 0^ falls to .35 at a deductible 
of $430 (not shown), so little supplementation will take place. Thus, in 
general, supplementary insurance will not be purchased unless there is a 
tax subsidy, so that the effective loading is —.07. Even in this case, 
insurance may not be purchased, for the reasons argued above. 

Fable 3 reveals an interesting fact about group insurance. Arrow (1963) 
showed that the marginal value of individually purchased insurance to a 
risk-averse consumer decreases as the deductible increases if, as we assume 
here, the price elasticity is zero. Table 3 illustrates that this result does 
not necessarily apply to group insurance in which the expenses of the 
decisive individual have a different distribution than the distribution of 
expenses for the group. For individual adults and for children the max¬ 
imum loading {cc falls as the deductible rises, the exact opposite of what 
would be observed in the individual case. It follows that there are loading 
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TABLE 3 


Maximum /.o vu/.vt. Compatikle with Mandatory Supplementary 

Oeducttrle Insurance 


Seiche Sufplementation Supplementation to 0 
(Op) (Oo) 


CiK<Ji I* ANn i)i mfcTiHLi'. (‘Si 


r = .0005 


r = .002 r = .0005 r = .002 


Sonpnnl' .TrJuJfi liftwcvll 
liie agL'!. o( IK and Ii5 
(individual drduLtiIjlv&}: 


.50. 

.02 

.0.5 

.04 

.0.5 

too. 

-.02 

.06 

.02 

.05 

[.'■lO . 

- .04 

.08 

.01 

.05 

200 . . 

. . -.Of. 

.11 

.00 

.05 


(linldicn less tli.in IK m 


rianpnur I'annlicv 
<individual di'diu tiblcv); 


5(1 . 

- .0.3 

01 

.03 

.03 

100 .. . 

- .11 

-.02 

-.01 

.01 

IfiO. 

-.16 

-.03 

-.04 

,00 

200 . 

-.20 

-.02 

-.06 

-.01 


.Nonilfwor laniilic.v wnh 
lifiid uiitlcr Of) and innic 
than vine incrnbi'i 
(laniily tirdui tiblr); 


l.'iO . . 

.07 

.11 

.04 

.05 

300 

. . 08 

22 

.0,5 

.08 

•1^)0. 

,09 

,36 

.05 

.12 


Ici'.s .viK li lliul .siipplonxTitatirtn to zero would occur while marginal .‘iup- 
plciiuMitation would luit (Oq > (Ip). 

Thi.s rcMili occurs in the case of group insurance because the median 
iiidividutirs expenses are considerably less than the group average (most 
ol' the e.\penses arc caused by a few sickly people). Thus, a negative 
loading fee is l’iet(uently rieces.sary to make insurance attractive to the 
luediaii individual (another result that difl'ers from the individual case). 
Hccause of the .skewed distribution of expenditures, this effect is more 
noticeable for larger deductibles. 

Supplementary insurance that covers only hospital care would have 
much lower loading fees and could thus be more attractive than the 
broader insurance we analyzed.*' For example, virtually all overnight 
stays in a hospital result in total expenditures in excess of $200; if it 
cost.s $3 to process such a claim for the hospitalization, the administrative 
marginal cost is less than 1.5 percent (and negligibly small if the above 
deductible expenditures would cause a claim to be filed anyway). These 

‘ ‘ Phelps (1973) I'ound lliai variation in loading fees faced by various consumprs was 
the single most powerful predictor of amount of insurance held. We have not estimated 
demand fur such insurance because we have no estimate of the variance across in¬ 
dividuals in expected hospital expenditure and because we expect elimination of a 
moderate deductible for hospital services would have little effect on demand. 
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markedly lower administrative costs may explain why existing insurance 
for hospital services is nearly complete (over 90 percent of hospital 
expenditures are paid by a third party), whereas coverage for other 
services is much less complete (Newhousc ct al. 1974). 

The purchase of supplementary insurance by Medicare cnrollees is 
sometimes cited as evidence that supplementation will occur under a NHI 
plan that includes cost sharing (for example, McClure 1976). However, 
while slightly over half of the Medicare population has purchased sup¬ 
plemental insurance that covers only inpatient expenditures,’^ we 
estimate that only 1 1 percent of enrollees have insurance that covers 
the first dollar al' physician expenditures.'^ This 11 percent reflects the 
partial deductibility of insurance premiums in income taxes and sub¬ 
sidized coverage of retirees by some existing group insurance plans. 
I’hus, the small fraction of the aged that has eliminated the Medicare 
deductible for physician services and the relatively large fraction that has 
purchased coverage against the large losses possible with long hospital 
stays arc consistent with our results. 


IV. Conclusion 

Our calculations suggest that if there is no special tax benefit for supple¬ 
mentary health insurance premiums demand for insurance that provides 
lirst-dollar coverage for nonhospital services is likely to be negligible. The 
premium for such insurance would simply be too high to make its pur¬ 
chase attractive. 

If the present tax treatment of health insurance premiums is continued 
(employer-paid premiums arc not taxable income and individually-paid 
premiums arc one-half deductible for tho.se who itemize), supplementary 
insurance becomes considerably more attractive. Whether it will prove 
attractive enough to be demanded in these circumstances is uncertain.” 
We speculate that purchases would be small even with the tax subsidy. 

But if a national health Insurance plan includes cost sharing, continua¬ 
tion of the tax treatment is difficult to defend. One rationale for cost shar¬ 
ing is to shift moneys for financing medical care out of the government 
budget; however, the tax subsidy is a form of “tax expenditure” that 

This result romr.s from unpublished data from the Current Medicare .Survey that 
the Social Security Administration has kindly provided. 

* ^ Tfie data used to make the estimate of 11 percent are taken from Peel and .Scharff 
(1973; sec Keeler et al. [1970], p, 24 for details). 

for example, lederal employees who have been members of the Federal Employees 
Health Benefits Plan can continue to participate in that plan (which covers physician 
expenditures) after they become eligible for Medicare al a premium which is subsidized 
by the federal government. 

Feldstcin and Friedman (1974) used a differem model to point out the demand for 
insurance and hence medical care is increased by the tax subsidy. 
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simply adds to the government budget, thereby defeating the aim of 
shifting moneys from the budget. Another rationale for moderate cost 
sharing is to restrain demand while protecting families against heavy 
financial loss. If this is the rationale, one clearly does not wish to incrczise 
demand (by a potentially large factor) by encouraging the purchase of 
supplementary insurance. 
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Probability and Utility Estimates 
for Racetrack Bettors 


Mukhtar M. Ali 

UnwersUy of Kentucky 


Subjective and estimated objective winning probabilities are obtained 
from 20,247 harness horse races. It is shown that subjectively a horse 
with a low winning probability is exaggerated and one with a high 
probability of winning is depressed. Various hypotheses characterizing 
the bettors’ behavior to explain the observed subjective-objective 
probability relation are explored. Under some simplified assumptions, 
a utility of wealth function of a decision maker is derived, and a quanti¬ 
tative summary measure of his risk attitude is defined. Attitude toward 
risk of a representative bettor is examined. It is found that he is a risk 
lover and tends to take more risk as his capital dwindles. 


Several laboratory experiments (Preston and Baratta 1948; Yaari 1965; 
Rosett 1971) suggest that in making a decision under uncertainty low 
probability events are overbet and high probability events are underbet. 
None of these experiments was conducted under a natural environment 
of the decision makers. In two separate studies of actual bettings in 
horse races, Grifith (1949, 1961) arrived at the conclusion similar to those 
of Preston and Baratta and Yaari. McGlothlin (1956) repeated the 
Grifith (1949) study with a different set of data on horse races, and among 
other things he confirmed Preston and Baratta’s (1948) findings. None of 
the Grifith and McGlothlin studies considered more than 1,500 races to 
estimate several probabilities. Martin Weitzman (1965) analyzed over 
12,000 races to obtain a relationship between the objective probability of 
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TABLE 1 
Data Description 


Ra< (' Tiack 
and Vrar 

Racing 

JJates (jVj Races (A'J 

Average 

Daily 

At tendance 

Average 
Bet per 

Race ($)* 

Average 
Bet per 
Person in 
a Race ($) 

.Saratoga 

1970 . . 

l'J3 

l.'io;) 

3,784 

23,701 

6.26 

I!)71 , 

1U2 

1,779 

3,873 

25,500 

6.58 

I97'2 

lfi7 

1,829 

3,393 

23,706 

6.98 

l!t73 . . . 

1!!') 

1,834 

3,480 

25,3.50 

7.27 

1971 . . 

172 

1,721 

3,541 

2.5,694 

7.26 

Roosrvf'U: 

1970 7It 

192 

l,(,96 

20,420 

220,884 

11.21 

1972 

1 '.4 

1,355 

17,014 

213,082 

12.52 

1979 

1,53 

1,347 

17,148 

214,110 

12.49 

l'»74 . . 

1 :/) 

1,400 

15,789 

216,435 

13.71 

^'orikfTs : 

l')7l 

l.Ti 

1,381 

18,025 

224.289 

12.44 

l')72 , . 

14,5 

1,208 

17,258 

234,837 

13.61 


IfiO 

1,407 

15.871 

22.5,639 

14.22 

I>)74 , , , 

Hf) 

1,313 

1.5,988 

227,853 

14,2.5 

\.)ii Ml ii.i. ks a. 

* iiK Ifitlt s all ixistili] 
t <)i t Dr. 1'»?(). an 

r m N, w Votk 
r lirtMiK; o|»|n»rl 
' 1 M.u t li < )< 1 1 

uiiiin ^ 

il>7l In the .ilial 

VMS thr tiiiir i»ri u 

'>«) IS liralffl ns tlir 

yrnr 1971 

a horse to win 

and the return for a 

dollar bet 

if the horse 

wins, 'i'fje 


Milijcriivc probabilll) (Icfincd in tlu- (irifuli or McGlothlin studies is 
liropoi tioual to llie reciprocal of'tliis leturn. Tire estimated relationship 
confirms ihc (Jrifiih and McCJlotlilin findings. 

I'lie studies of (irifith, Mr(ilotlilin, and Weitzintin were limited to the 
thoroughhrerl taccs, I'he probability estirnate.s ol these studies have 
seiiotis estmitition error.s. 'The estimates obtained by Wcitzrnan are the 
most reliable in which a eoedit ient of variation of 16 percent or higher is 
loniiTKin .' I'his (.m be considered large to detect even a difference of 
say, 20 percent, between objective and subjective probabilities. Moreover, 
serious teclmual dillieullies, though ignored, arise in their grouping of 
observations (sec .See, 1) to estimate the objective probabilities. 

'I’he first theoretical attempt to c.xplain the observed discrepancies 
between objective and subjective probabilities is by Rosett (1965). 
Weit/man (1965) constructed a representative utility of wealth function 
as an implication from the relationship between objective and subjective 
probabilities. 

In this paper, public betting behavior in 20,247 harness horse races is 
analyzed. The data are described in table 1. Subjective and estimated 


‘ Improved esumates can be obtain^ I’rom his estimated objective probability-return 
relaUonsWp, but the significance of this improvement cannot be ascertained from the 
available data. 



RACETRACK BETTORS 


805 

objective winning probabilities are obtained in Section I. It is found that 
subjectively a horse with a low probability of winning is overstated and 
that a high probability of winning is understated. Section II explores 
various hypotheses characterizing the bettors’ behavior to explain the 
observed subjective-objective probability relation. Specifically, a theorem 
is proved showing a possible alternative explanation of these biases. 
Section III is devoted to studying the betting public’s risk attitudes, 
especially as they are aflectefi by the amount of money available to bet. 
,\ numerical measure of risk attitude is defined. It is found that the betting 
public behaves ns risk lovers. The risk attitude seems to change with the 
amount of money (capital; available to bet. The representative bettor 
becomes more risk loving as his ca[)ilal declines. Concluding remarks arc 
in .Section IV. 


I. Probability Estimates 

besides the popular betting of the “place,” “show,” “daily double,” etc., 
there is one regular betting opportunity in a race known as “win” bet. 
Betting on a horse to win pays only when the horse finishes first in the race. ^ 
Payolls arc accorditig to the odds. Odds are profits per dollar bet to a 
sitccessful bettor. Odds arc determined from the bets made by the public, 
tlie tratk take, and breakage.^ Odds for different types of bets—win, 
place, show, etc. are computed separately. Suppose there arc H horses 
numbered'* 1, 2, . . . , /i, . . . , and let X,, be the amotmt of money that 
has been bet for horse h to win. Then, 

II 

= E 

h= 1 

ij5 file tfifal win het in the race and is called the “uin pool.'’ Let the track 
take and breakage be a. I'hen the odds on horse /i are 

= [(1 - a)lV - = (1 - a)lV/X, - \,h = 1.2,..., //. 


^ Kacc.s with “dead hrai” at any finishing position are not consideied. 

•' A fiTced pnujorlion of the amount bet in a rare is taken out by the track before it 
disliibuli s the k'sI (o ihe succcs.srul bettors. This proportion is known as the track take. 
The br<'akage ari.s<-s because of the foilowing two restrictions: {f/j odds cannot be below 
a certain niuiimum, and (b) odd.s have to be roumled downward except when the lornier 
n-slriction is in effect, in which case, it is rounded upwaid. For the races that an- analyzed, 
all odds arc rounded to 10 cents and the minimum odds are also 10 cents. 

* Sometimes several horses are grouped, known as '‘entry” or “field,” for a single 
betting interest, and the group is assigned a single number. A bet on this number is 
successful if on<- of the horses m the group is successful. Thus, if it is a win bet, the bet is 
successful il one of the horses in the group finishes first. Without loss of generality, this 
group will be taken as a single horse. 
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The estimates of a^’s which are reported to the public once in every 
minute till the race starts fluctuate over the entire betting period. How¬ 
ever, as fluctuation is minimum in the last few minutes of the betting 
period when the major amount of bets are placed, and as our data are 
limited to only final odds, we will proceed as if the final a^’s prevailed 
throughout the period (for an alternative justification of this assumption 
sec Rosett [1965]). Our data are also limited to the odds on win bets, and 
thei efore we will confine ourselves to the win bet only and refer to it as a 
bet. 

J 'ollowing Grifith and McGlothlin, the subjective probability of horse h 
to win is defined as the proportion of the win pool that is bet on it,® 
(i.e., X^jW). This can be shown to be equal to (1 — a)/(l + fl/,), and 
iioin (Ij it can he verified that 



where // is the number of horses in the race. 

The objective winning probability of a horse is defined to be the 
proportion of times the horse wins when the race is repeated an infinitely 
large number of times. Thus, a race can be taken as a binomial trial with 
this t)bjective probability for the winning otttcomc. In a race the total of 
the objective probabilities is one. 

both subjective and objective probabilities are ditterent for horses in a 
race, and also they dilfer in different races. Let the subjective probability 
for a liorse to win the ith race be p„ the objective probability be it,, and 
the odd.s be Then p, = (1 — a)/{l -f r/j), whereat is the track take and 
breakage, from our data on the odds, a can be computed using (2), and 
hence p, can be obtained. However, we have only one observation to 
estimate n,. Thus, no reasonably reliable estimate of tr, can be obtained. 
Tliis estimation difficulty is inherent, though ignored in the studies of 
(irifitl), McGlothlin, and Weitzman. 

in our study the horses arc groupetl, and their average subjective 
probability is compared with an unbiased estimate of the corresponding 
average objective probability. Horses in the same group are identified 
with a single horse. Let there be N races competed in by a horse with p, 
and n, as its subjective and objective probabilities to win the ith race. 
I'hcn its average subjective and objective probabilities are defined as 


* Considering c*ach dollar hei as a vote to win, the subjective probability is the total 
public support for the horse to win the race. It should be noted that this definition of 
subjective probability is not lo imply expected net gain from belting a dollar on a horse 
is —4, though the subjective expected net gain is —« and is the same for every horse. 
This subjective probability is also the reciprocal of the return to a dollar bet if the horse 
wins when there is no track take or breakage. Thus, when there is no possibility of con< 
fusion, these two terms, subjective probability and return, will be used interchangeably. 
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p = PilN, and S = X nJN, respectively. When there is no possibility 
of confusion, these averages will be referred to as the respective winning 
probabilities of the horse. Once p,’s are computed p can be obtained. 
An unbiased estimate of S is it = where F, = 1 if the horse 

wins the ith race and equals zero otherwise. As the races are considered 
independent binomial trials, it can be shown that Eiji) = ff, and 
var {H) = S(I - tC)IN — al/N, where tt^ = Z (tt,- - tt)^/A". In the 
absence of a reasonable estimate of trj, we neglect it in estimating var (ft) 
which is estimated as tt(l - tt)/A^. Thus, the reported standard error of it 
which is the square root of this variance-estimate is exaggerated. 

In grouping the horses we use the following criteria: (a) should be as 
large as possible; and (b) should be as small as possible. By choosing 
a large N, var (A) is reduced so that is a meaningful estimate of n. 
Criterion (b) is necessary for a valid test of the hypothesis of subjective 
over- or underestimation of objective probabilities by comparing n with p. 
Previous studies have grouped the horses according to their odds falling 
in various selected ranges. For this grouping, it is very likely to have more 
than one horse in a group competing in the same race. Thus, their identity 
with a single horse is destroyed. 'I'o avoid this po.ssibility, such competing 
horses can be treated as an “entry” or “field” (see n. 4). However, the 
odds on this field which are to be estimated should be lower than the 
individual odds on these horses, and thus the field may not belong to the 
group from which the individual horses are drawn. Hence, not only need 
we estimate the odds on the field but also the groups need to be rearranged. 
Thus, we abandon this method of grouping. 

It can be argued that the variation in the winning probabilities of the 
horses most likely to win the races may not be substantial, that is, oj 
would be small for this group of horses. Also, for this group iV would be 
as large as the total number of races. Hence this grouping closely satisfies 
criteria a and b. Similar arguments can be put forward for the horses 
which are second most likely to win the races. Thus, without any further 
information, the horses are grouped according to “favorites.” The horse 
with the lowest odds in a race is called the first favorite; the horse with 
the next lowest odds is known as the second favorite, and so on. The hxh 
favorite in a race will be called horse A,*" and its subjective and objective 
winning probabilities will be denoted by and ft*, respectively. 

In the following discussion, no reference is made to horses 9 and 10 
because the number of races in which they competed is small. The esti¬ 
mates ftj’s and their standard errors are in columns 3 and 4 of table 2, 
respectively. The standard errors expressed as percentages of the estimates 

* A race is limited to the maximum of !0 horses, and often eight horses compete in a 
race. In our data, eight horses competed in 15,749 out of 20,247 races, whereas nine 
horses competed in only 299 races and 10 horses competed in only 71 races. 
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TABLE 2 

PkOUADiLi'n' Estimates 


Horse (h) 

(h 

Races 

Clompeted {N} 
(2) 

ffj. 

(3) 

SE (x.) 
(4) 

O 

2 

(6) 

(p* - ft*: 
SE (ft*) 
(7) 

1,.. 

20,247 

.3.583 

.0034 

0.9,5 

.3237 

-10,29 

2 

20,247 

.2049 

.0028 

1.37 

.2077 

0.99 


20,247 

.1.02fj 

.0025 

1.64 

.1.513 

-0.52 

4 

20,247 

.1047 

.0022 

2.10 

,1121 

3.45 

'j 

20,2.31 

.0762 

.0019 

2,49 

.0827 

3.49 

() ... 

20,00!! 

.0.0.52 

.0016 

2.90 

.0601 

3.01 

7 , , 

10,281 

.0341 

.0013 

3.81 

.0417 

5.80 

H . , . 

If).749 

.0206 

.0011 

5.34 

.0276 

G.20 

9. 

209 

.0033 

.0033 




10 

7! 

.0141 

.0140 





.Nfi H. Stihji'Tfjvr hit hofsr^ JO arr ni»l >Jiown bfrau^r Jhry arc b.isriJ til) H very small 

miiulKT nl iilisri vaJx'tis (^irrrsimrKliUff tibits'iivc iit'tb.ibilitv cstmiaics %vith ihri; slautlanl cnort arc shown 
l<i tfivr an nica ni liic vmicliaiiiloy ol ihcsr rHlimalcs 


(c<^l, 5) vary from 0.95 percent to 5.34 percent and (hey can be considered 
.small. Tiie siiljjcctive probabilities arc in coiurrm 6. DifTercnces between 
snbjerlivc and estimated objective probabilities arc expressed as ratios 
to the respective standard errors and are sliown in column 7. Except for 
horses 2 and 3, liicsc differences can l)e considered statistically significant, 
livery subjective probability with the exception of that of the first favorite 
exceeds the corresponding objective probability estimate. For the first 
favorite tlie subjective probability is significantly Ic.ss than the correspond¬ 
ing objective probability. Thus, subjectively, a hor.se with a high winning 
probability is understated and one with a low winning probability is 
overstated. Qualitatively, this finding is in accord with that observed by 
Freston and Baratta (I94H), Grifith (1949, 1961), McGlothlin (1956), 
and Weitzman (1965). 

I'hc jircsent data extend over a number of years (1970-74), various 
tracks, and numerous race conditions. To examine the influence of some 
of these factors,^ all the tiata were divideil into 15 data sets. The previous 
analysis applied to each of these data sets pointed to the same conclusion 
as has already been reached. 


II. Theoretical Explanation of the Differences between Subjective 
and Objective Probabilities 

Despite the sampling errors and the grouping problem, the Grifith, 
McGlothlin, and Weitzman findings about the relationship between 
subjective and objective probabilities are qualitatively in accord with 

Som<* characterislics such as average daily attendance, average bcl per race, average 
bet per race per person, the years of racing, and the racetracks arc in table 1. 
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the present study. Grifith and McGlothlin as well as Preston and Baratta 
seemed to imply that the observed differences between subjective and 
objective probabilities arc psychological. If the bettors are sophisticated 
the observed subjective-objective probability relation can be explained 
by adopting the F'riedman-Savage (1948) expected utility hypothesis 
(EUH) if the utility functions are restricted to a properly chosen class.® 

Rosett (1965) claims that the observed relationship is consistent with 
the hypotliesis that bettors arc rational, sophisticated, and have strong 
preference for low-probability-high-rcturn bets.® This hypothesis is one 
manifestation ol'EUH with the properly restricted class of utility functions. 
To see this let us define the equilibrium betting opportunity set as the one 
constituting only the nondominant opportunities; that is, for any two 
opportunities in tlie set no one is preferred to the other by every bettor. 
Henceforth, we also maintain that an opportunity A is preferred to another 
opportunity B by ev/’yy rational bettor if and only if the winning probability 
of A is at least as large a.s (hat of B and the return of A is larger than 
that of B or the winning probability of A is larger than that of B and the 
return of A is at least as large as that of B. Then one can prove (left to the 
reader); 

Theorem 1 .— For any two betting opportunities, A and B, A is not 
pn'll'rrecl to D by every rational bettor if and only if A is not preferred to 
B by every bettor with an increasing utility function who follows EUH. 
As can be shown from the above theorem, the equilibrium betting 
opportunity sot as characterized by the rationality hypothesis is identical 
with the one obtained by adopting the EUH and restricting the utility 
functions to a class of increasing functions. In this case, EUH with a class 
of increasing utility functions is equivalent to the rationality hypothesis. 
I’he hypothesis that bettors have strong preference for low-probability- 
high-return bets restricts further the class of utility functions, and follow¬ 
ing Rosett (1965) it reduces the equilibrium set to the set where objective 
probability, a, is related to return, B, by B = where j} < 0. 

Rosett’s postulated objective probability-return relationship was 
consistent with only a part of his data, and it systematically overstated 
the returns when the winning probabilities were smaller. In what follows 
we show that if the assumption of sophisticated bettors is replaced by the 
assumption that each bettor knows something about the objective winning 
probabilities but no one knows them exactly, then for a wide range of 


* The EUH asserts that each bettor has a unique utility of wealth function and each 
ntaxitnizes his expected utility to choose his preferred bet. Utility functions are unique 
only up to positive linear transformations. 

Bettors arc rational in the sense that no one prefers a bet with a smaller winning 
probability and the same or lower return, or with a lower return and the same or lower 
winning probability to that available to him. Bettors are sophisticated in the sense that 
the objective winning probabilities are known to them. 
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assumptions about these estimation errors the data can be consistent with 
the hypothesis that bettors are rational and risk neutral. 

For simplicity of exposition, let us assume that there are only two 
horses, and H 2 , in a race. Let it* be the objective (true) probability 
for //j to win the race, p* be an individual’s subjective estimate of and 

be the market-established final odds on For every individual, p^’s 
are nonnegative and p, -f pj = 1; p^’s vary from person to person. 
Let the distribution of p* be F^(-) so that F^{p) is the proportion of 
individual estimates of not exceeding p. To avoid mathematical com¬ 
plexity, we assume that the probability of an individual estimating ttj 
exactly is zero. Bettors are assumed rational, and the amount of a bet for 
an individual is decided upon in advance and it is the same for everyone. 
With the above assumptions we prove: 

Theorem 2.- If is the median of the distribution, F^{-), and the 
bettors are risk neutral, the subjective probability for //„ to win, p^ = 
(1 — a)/(l Of,) where 0 < ot < 1 is the track take and breakage, 
exceeds the corresponding objective probability, it^, if and only if itj, < 
n),.{h h'). 

Proof°As bettors are risk neutral, the utility functions arc linear; 
and as they are rational, horse //<, will be bet on if and only if 

[(• + a^)p^ - 1] > max {0, [(1 -I- ay)p^. - 1]}. (3) 

Without loss of generality, we assume a = 0. As p, 4- P 2 = 1, 
1/(1 -f a,) 4- 1/(1 4- dj) = 1, so that from (3), the individual with 
subjective probability estimate p* and p*. will bet on if and only if 
Pi, > 1/(1 4- a,,). Thus, the proportion of all the bettors wagering on H,, 
is 1 — F„[I/(l 4 - = 1 — F,,{pfj, and this must equal p^ because 

bettors are assumed to bet the same amount. Hence, p^ can be obtained 
as a .solution to the equation, 

(•’kiph) = J - P*. h = 2. (4) 

-As Fi,{-) is a monolonic function, the solution is unique. 

If 7t, = 7t2, then 71 1 = 7t2 = i, and as Tt), is the median of the dis¬ 
tribution, F'i,(7t*) = 1 — Ttj, so that Ps = tt* = If It, > tt 2 . then 

7t| > and 712 < i- Consequently, F,{n,) > 1 — itj and ^ 2 ( 712 ) < 

1 — Ttj; and as F*(-)s are nondecreasing functions, it follows from (4) 
that Pi < Tt, and pj > Similarly, it can be shown that if 7t| < 112 , 

then P] > 7t, and pj < 712 - Hence the theorem. 

Following the theorem, if it, Ttj, the larger objective probability is 
understated whereas the smaller objective probability is overstated. This 
is in accord with our empirical findings. 

‘ “ Some of the assumptions and conditions of the theorem can be relaxed. For etcample, 
the condition that Tt* is the median of the distribution, F „{.), can be weakened and the 
theorem holds if the larger of a, and xj does not fall below the median of the distribution 
of its subjective estimates. 
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If we want to maintain the hypothesis that bettors are sophisticated, 
the observed objective probability-return relation can be explained, as 
noted earlier, by EUH with a suitable restriction on the class of utility 
functions. One such attempt was made by Weitzinan (1965) where it is 
assumed that bettors are homogeneous, each having the same utility 
function. The utility function is chosen so that the observed probability- 
return relation coincides with the expected utility indifference curve. 
It can be shown that bettors with such a utility function are not rational.*’ 
The source of this counterintuitive behavioral implication is the expansion 
possibility of the betting opportunity set through various combinations 
(parlay, martingale, etc.) of the simple bets available in individual races. 
Thus, this uridesired implication can be avoided by restricting the betting 
opportunities to a single race. It is shown in the next section that the 
implied utility function is increasing with increasing rate; that is, the 
bettors arc risk lovers. Hence, the observed discrepancies between sub¬ 
jective and objective probabilities may be due to estimation errors by the 
bettors who are risk neutral or because the bettors are sophisticated but 
they are risk lovers and behave as if the betting opportunities are limited 
to a .single rare. 

III. Risk Attitudes 

In what follows we assume that bettors arc expected utility maximizers, 
sophisticated, and behave as if the betting opportunities arc limited to a 
single race. Let Mr. B, like Mr. Avmart in Weitzman (1965), be a repre¬ 
sentative of ail the bettors who establish the final odds. He may not be 
one of the bettors. Let «(■) be his utility of wealth function. In general, 
utility is also a function of various circumstantial factors. In what follows 
we aljstract from these nuances and assume utility is exclusively a function 
of wealth. Let us now construct a representative race in which horses 1, 
2, . . . , 8 of table 2 arc competing. Let the true objective probability of 
horse h to win a race be By definition, horse h did not have unique odds 
in all the races in which it competed. The representative (estimated) odds 
are taken to be a weighted average of all its realized odds. The weights 
are chosen so that the actual average net gain per dollar bet for horse h 
to win over all the races it competed in is the amount that would have 
been obtained if this weighted average of the odds had prevailed for 

* ‘ The expected utility indilTcrcncc curve is estimated as 

Jt = (1.011 - 0.087 log,„(1 + R)]IR, 

where R is the return and n is the winning probability of a bet. A parlay (for the definition, 
see Rosett 1965) constructed from 10 races and using a betting opportunity with g = 10 
and n as obtained from the indifference curve would have a probability better than three 
times the probability of a bet from the indilTerence curve with the same return as this 
parlay. Thus, if this is an indifference curve, bettors cannot be rational. 
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TABJ.E 3 

Utility Function and Average and Standard Deviation oe Gains 
FROM A Dollar Bet 


]lor.«‘ (//; 

(L 

Ksinnatcd 
Od<ls (djg) 

m 

JT = 1 + 

(31 

Utility 

Function 

u(x) 

(4) 

Average 
Gain ($) 

(5) 

SD ($) 
(6) 

i. 

1.5 

2.5 

.0574 

-0.10 

1.26 

[) 

.3.0 

4.0 

.1004 

-0.19 

1.63 


4 4 

5.4 

.1348 

-0.17 

2.00 

4 . ... 

0.2 

7.2 

.1960 

-0.24 

2.30 

. . 

8.7 

9.7 

.2699 

-0.26 

2.68 

h . 

12.3 

13.3 

.3T2r> 

-0.27 

3.22 

7 . 

17.7 

18.7 

.6028 

-0.36 

3.64 


20,4 

27.4 

1.00 

-0.44 

4.27 


every race. Let he the estiinatcti odds for horse h. These arc reported in 
(t)luiiiii 2 of tattle 3. For any race the objective as well as the subjective 
probabilities must add up to 1. In our case, these totals are, respectively, 
1,01 tiiid O.'IO Thus, the conditions are reasonably met. As these A*’s and 
tij's are consttiK ted from a number of races, the present race can be con- 
sideied a representative of them. 

With the choice oi' -ft^’s and c7*’s, Mr. B’s expected utility of betting M 
dollars on horse h is 

IhW = (I - - M) + A^ul{Xo - M) + M(I + a*)] 

( 5 ) 

wheie A'„ is the initial capital of Mr. B. As the o^’s arc the final odds, 
Mi. B must be indifferent between betting on any two of these eight 
hoises. I hits, Mr B being an expected utility inaxiniizer, 

A, (»)=/■,(«)=••• =(6) 

Without loss of generality, we assume that Xq — A1 = 0, and the odds 
arc in the units of At dollars where AI is the common denominator of all 
the bets; atid as the utility function is unique only up to positive linear 
transformations, wc assume that u(0) = 0 and m(I + Og) = 1, where <3g 
are the highest odds. Then from (5) and (6), 

«{1 +«!,) = A=l,2,...,7. (7) 

Using (7), the specific values of the function, «(•)> computed and 
reported in column 4 of table 3; u( •) is plotted in figure 1 . All the points 
lie below the line joining the two chosen points [0, «(0) = 0] and 
[1 + flg, i<(l + dg) = 1]. Hence, the utility function of Mr. B must be 
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convex and he must be a risk lover.' ^ These points are joined by a broken 
line wliich is the estimated utility curve. 

To obtain a mathematical function representing tlic estimated utility 
curve in figure 1, log,o is regressed on log,p where = 1 + a*. 
The estimated relationship is given by 

log,o«(x) = 0.2794 + 1.1784 log, 0 at, = .9981. 

(.0206) (.0210) 

The numbers in the parentheses are the estimated standard errors. Thus, 
the estimated utility function is u{x) = 1.91x’ ’ This shows u'{x) > 0 
and u"(x) > 0. Though the relative risk-aversion measure of Arrow 
(1971;, —xu"(x)lu'(x), is constant, his absolute risk-aversion measure, 
— u"{x)ju{x), increases with wealth, implying the representative bettor 
takes more risk as his capital declines. This finding supports the conjec¬ 
ture of Markowitz (1952) for the range of the utility function under 
consideration. 


^ ^ For each of the eight horses, the comparison of the average and standard deviation 
of the gains from a dollar bet computed over the 20,247 races as reported in cols. 5 and 
0 of table 3 points to the same conclusion. 
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For a further analysis, we define a measure (new) of overall risk 
attitude, <5, as follows: 

, 5=1 _ 

(1/i - a) J* xdx 

where a = 0, A = 1 -f dg, u{a) = 0, u{b) = 1. If ^ > 0, the bettor is 
said to be a risk lover; if ^ <0, he is a risk averter, and if <5 = 0, he is 
a risk neutral. The ahsolute magnitude of S does not exceed 1. 

For our data, <5 = ,1239. In many respects (see table 1) the races at 
Roosevelt are alike to those at Yonkers. But Saratoga differs considerably 
from either Roosevelt or Yonkers. One striking difference is that the 
average bet per person per race at Saratoga is about half as much as that 
at either Roosevelt or Yonkers. This can be interpreted as the representa¬ 
tive bettor at Saratoga having smaller betting capital than the one at 
Roo.sevelt or Yonkers. To investigate its effects on the risk attitude, 5 
values are computed from the data corresponding to each of the.se tracks. 
These are respectively, . 1 742, .1009, and .0652. It seems the representative 
at Saratoga tends to take more risk than the one at Roosevelt who in turn 
takes more risk than the one at Yonkers. However, the difference in 
altitiule toward risk is lc.ss pronounced between Roosevelt and Yonkers, 
riiis can be taken as extra evidence supporting the observation that the 
repre.semativc bettor with less capital tends to take more risk. 

lb investigate further the effects of capital on risk attitude, we note 
that out of every dollar bet, the track take and breakage are 180. Thus, 
the total capital available to bet declines through the races during a 
racing night. There arc usually nine races in a racing night; sometimes 
liiere are 10 or even 11, but let us proceed as if there are 9 in a racing 
niglit. If we a.ssume that 10 percent of the money available to bet at the 
beginning of a race is actually put down as a bet on the race, and the 
track take and breakage arc 18 percent (average a over all the races is 
.180002), then the total money available to bet at the last race will be 14 
percent less than it is at the beginning of the first race. We are assuming 
that all the bettors arrive at the first race and stay until the last. As there 
are a considerable number of late arrivals, we compute 3 for the first two 
and the last. These are, respectively, .2228, ,2038, and .3040; 3 values are 
practically the same for the first two races but are considerably larger for 
the last. This is in accord with our previous finding about the effect of a 
change in capital on the representative’s risk attitude. 


IV. Conclusion 

The subjective winning probabilities are obtained as an average of the 
proportion of the total money bet on a horse. Horses 1, 2, . . ,, 8 are 
defined as first, second,..., eighth favorites in any race. The objective 
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winning probability is computed as the proportion of times a horse 
finishes first out of all the races in which it competes. The data consist of 
20,247 races from three tracks and over a period of 5 years. It is shown that 
subjectively a horse with a high objective probability of winning is under¬ 
stated and one with a low objective probability of winning is overstated. 
The pattern seems to be consistent over the years of the sample period, 
among the chosen tracks, and under various race conditions. Theories 
explaining these discrepancies between objective and subjective winning 
probabilities are explored. It is shown that if bettors are risk neutral but 
not sophisticated, the market mechanism may generate the observed 
objective-subjective probability relationship. 

Maintaining the assumption that bettors are sophisticated, have the 
same utility function, and behave as if the betting opportunities are limited 
to a single race, the representative utility of wealth function is constructed. 
Identifying this utility function with a representative bettor, it is found that 
he is a risk lover. A measure of risk attitude, 6, is defined which varies 
from — 1 to 1. If ^ > 0, the person is a risk lover; if 5 < 0, he is a risk 
avertcr, and <5 = 0 means he is a risk neutral. The representative is found 
to have S = .1239. The effects of capital on risk attitude are investigated, 
and it seems that the more capital the representative has, the less he 
tends to be a risk lover. 
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The Variability of Expectations 
in Hyperinflations 


Mohsin S. Khan 
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A problem in the use of adaptive expectations as a mechanism for 
generating expectations of inflation is the assumption that the speed 
with which individuals revise their expectations is constant. The purpose 
of this paper is to estimate the Cagan model of the demand for money 
for six hyperinflation countries allowing the coefficient of expectations 
(which measures the response to the error between the actual and the 
expected rate of inflation) to vary with the level and the change in the 
rate of inflation. The results indicate considerable support for this 
particular hypothesis. 


I. Introduction 

The mechanism of‘‘adaptive expectations,” introduced by Clagan (1956) 
in his study on the monetary aspects of hyperinflations, according to 
which individuals form expectations about the future behavior of some 
economic variable, has become very popular in the literature on the 
behavior of the demand for money under inflationary conditions.‘ 

The appeal of the adaptive-expectations model has been readily recog¬ 
nized, since it is a fairly simple way of representing what may be a complex 
set of factors behind the formation and revision of expectations. However, 
as Cagan was careful to point out, though this method does yield good 
results, it is nevertheless only an approximation. In order for the simple 
adaptive-expectations model to be a good representation of the true 
phenomenon, one requires certain assumptions which may or may not be 

Thr views expressed in this paper arc my sole responsibility. I am grateful to Bijan 
Aghcvli, Phillip Cagan, Jacob Frenkel, Morris Goldstein, and Michael Mussa for ex¬ 
tremely helpful comments. The suggestions of the referee also led to a substantial improve¬ 
ment in the paper. 

‘ See Deaver (1970), Diz (1970), Hu (1971), .Silveira (1973), and Khan (1976). 
This method of generating expectations has also been used extensively in other areas. 
[Journal of PoUtioal Economy, 1977, voL 85, no. 4} 
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satisfied. One particular assumption that Cagan himself noted explicitly 
as not being readily met under inflationary conditions was that expecta¬ 
tions of inflation were formed by individuals looking only at the gap 
between the actual and expected rates of inflation and revising their 
expectations according to a fixed multiple of the forecast error, without 
any regard to the level of inflation.^ It is certainly more plausible to 
assume that the public would become more experienced and revise its 
expectations of inflation faster when inflation was higher, since more 
intense inflation would alert it to the dangers of slow adjustment. In 
addition to the inflation level, the variability of inflation may be a factor 
in the revision of expectations. If the inflation rate is more variable, it 
would presumably increase the degree of uncertainty, and individuals 
would tend to change their expectations of inflation at a faster rate. ^ 
We would therefore expect that the coeflicient of inflationary expectations 
fwhic.h measures the public’s respon.se to the error between the actual and 
expected rate of inflation) would be larger, the higher and more variable 
the rate of inflation. 

There is some empirical evidence on this variability of the coefficient 
of expectations in hyperinflation. Ciagan concluded that it was this fact 
that led the models fitted by him to tend to ovcrprcdict real-cash balance 
lioldirtgs at the beginning of the sample period and underpredict toward 
the end. A constant-expectations coefficient, which is in a sense an average 
value of the coefficient over the period, thus implies too large an effect of 
expected inlltuiori on real-cash balances in the initial phase of the hyper¬ 
inflation and too small an cfl'ect in the later phases. By dividing the time 
period and reestimaling the models for the subperiods, (lagan observed a 
tendency for the coefficictit of expectations to be larger in the later period.'* 
Since the rate of inflation increased over time, it could be concluded that 
the coeflicient varied positively with inflation. Furthermore, though less 
directly, the significant degree of autocorrelation in the residuals of the 
estimated models also provides evidence of the presence of a varying 
coefficient (see (lagan 19.')6, p. 48; Barro 1970; and Khan 1975). 

'File jniijio.sc of this paper is to reestimate the Cagan model for six 
hyperinflation countries, allowing the coeflicient of inflationary expecta- 

^ Other asMiiiipiioiih arc required if the mode] is formulated in continuous lime. For a 
discussKiM of ihcM-, see Foley and Sidrauski (1071) and Khun (1976). See also Frenkel 
(I07r)) (or reasons why the Cagan rx|K’ctotions model may be inconsistent with the 
empirical evidence on the shorl-run rffecls of an increase in the rate of monetary ex¬ 
pansion A hyperinflation model using a general ratioual-expeclalions framework has 
been studied by Sargent and Wallace (1973). 

^ For a discussion of the role of uncertainly about inflation in the context of demand- 
for-money function, see Frenkel (1977). 

* For all of the countries except Germany (the second Hungarian inflation was ex¬ 
cluded due to an inadequate number of observations). See Cagan (1956), sec. 4. A 
similar test by Silveira (1973) for the case of Brazil also indicated that the coefficient of 
expectations increased over time. 
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tions itself to vary with inflation, and also test for the effect of uncertainty 
on this coefficient. ^ This way of framing the hypothesis will allow us to 
test explicitly in a relatively simple way whether the coefficient varies 
over the hyperinflation in some systematic fashion and whether the 
resultant misspecification induced by ignoring this variability is respon¬ 
sible for the autocorrelated residuals. 

The plan of the rest of the paper is as follows: Section II contains a 
description of the basic Cagan model and discusses the exact adjustment 
that is to he made to it. The parameter estimates are reported in Section 
III; and the implications of these results, together with a summary, are 
contained in the concluding .section. 


II. Specification of the Model 

In the Cagan framework, the demand for real-money balances in period t 
is specified as a function of the expected rate of inflation in the same period. 
The equation in scmilogarithmic form is written as 

log [MjP), = y + an* + u„ (1) 

where M, = stock of money balances, P, = level of prices, and n* = 
expected rate of inflation. Here « is a random-error term, and a is the 
(semi-)inllation elasticity of real-money balances (expected to be nega¬ 
tive.) * 

Variable n* is generated by an adaptive-expectations scheme in which 
the expected rate of inflation is revised per period of time in proportion 
to the difference between the actual rate of inflation in period t and the 
rate of inflation that was expected in the previous period;’ 

Ax,* = /J,(7t, - 71,*.,) \>p>0, (2) 

where 71, is the actual rate of inflation, log {P,IP,~i), and A is a difference 
operator, An* = n* — 7r,*_ ,. The p symbol represents the coefficient of 
expectations. In general, this coefficient is taken to be constant; however, 
I have written it with a time subscript to indicate that it can be variable. 

* The Hungaiian iriHation of September 1945—February^ 1946 was excluded from the 
sample due to the limited number of observations available. Cagan also excluded this 
case from his test of the variability. 

‘Fora discussion and test of whether the appropriate functional form is semilogarithmic 
or double logarithmic, see Frenkel (1977). 

The formulation differs slightly from the original Cagan specification, as it is specified 
in discrete rather than continuous time. In the latter form, it would be specified as 

^ «•(<) = mMt) - /! > 0. (2a) 

Eq. (2) is one possible approximation to eq. (2a). It is possible that this particular approx¬ 
imation may yield somewhat different parameter estimates from the ones obtained by 
Cagan. 
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If, as discussed in Section I, the speed at which individuals revise their 
expectations depends on the rate of inflation and its variability, we can 
specify the following function for the coefficient of expectations: 


A = /?o + + Pin, (3) 

where /I is a linear function of the absolute rate of inflation (|7t,|) and the 
variability of inflation {it). Since it is hypothesized that both a higher 
absolute level and greater variability of inflation would lead to an 
increase in the coefficient of expectations (and thus shorten the lag in the 
adjustment of expectations), it is expected that )9, and will be positive.® 

The choosing of an appropriate measure of the variability of inflation, 
ft, is essentially arbitrary. For this model variability is defined as simply 
the absolute change in the rate of inflation, |A7t,|.‘’ We can therefore 
rewrite equation (3) as 

Pt ~ Pn Ptl^il -t- Pi\^n,\. (4) 

riie reason for considering the ab.solute values is to ensure that j) is 
independent of the direction of changes in prices and inflation. This makes 
the model ec|ually applicable to periods of declining prices and negative 
changes in inflation. 

Although er|uation (4) is proposed on the grounds of a type of a learning 
proces.s and uncertainty, it is interesting to note that it can also be derived 
from a rational-expeetations model outlined by Mussa (1976).'® 

In the case that neither Itr,! nor |Att,| has any influence on /I, that is, 
/f, and /I 2 equal to zero, the constant term in equation (4), will be 
(•(jual to fl. The test of the constancy hypothesis is then simply to test 
whether and /Ij are diflerent from zero when the models are estimated.* * 

.A clearer implication of the use of equation (4) can be seen if we 
substitute it into equation (2) to obtain 

= (igin, - n*_i) + /li(it,|(ji, - ,) + /f^lAttfKtt, - 7t*_,), (5) 

* Nolr that it is implicitly assumed that uncertainty can be measured by the variation 
in inflation. It should be recognized, however, that there may be situations when a 
greatei variability ol inflation need not necessarily imply a greater degree of uncertainty. 
For example, greater variation in inflation, if luUy anticipated, would involve less un¬ 
certainty than would a smaller, unanticipated variation. 1 am indebted to Jacob Frenkel 
for pointing this out. 

^ Since this definition a&sume.s that the change in expectations is affected only by the 
current change in inflation, a moving-average standard deviation of inflation was also 
used as an alternative measure of variability. Furthermore, one- and rwo-pcriod lags on 
|A«,j were also experimented with. The results from these alternative definitions arc 
discussed in Section III, 

' ° If in the Mussa (1976) model the coefficient of adjustment is made a linear function 
of the equilibrium inflation rate, then solving one obtains an equation that relates the 
coefficient of adjustment to both the level and the first derivative of inflation. 

“ Functions similar to (3) have also been used by Goldstein and Khan (1976) in a 
study of impKirts and by Kooi (1975) for the demand for money. 
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which differs from the standareJ adaptive-expectations model (eq. [2J) in 
having the two additional terms, and these two terms introduce non- 
linearities into the model’s specification. The first of these nonlinearities 
implies that the adjustment in expectations will be greater if inflation is, 
say, 100 percent rather than 10 percent, even though the gap between the 
actual and expected rates of inflation may be the same. Similarly, the 
second nonlinearity implies that adjustment would be greater if inflation 
rises from 10 percent to 20 percent than if it rises to 15 percent, again 
with a given gap. 

Substituting {5) into (1) and eliminating the unobservable variable n*, 
we obtain the following equation for real-money balances: 

log (M/P), = y* + (fla + /I,lit,I -t- 

+ (1 - fio - M - /lilAtt,!) log + «,*, 

where'/* {[Iq + /l,|7t,| + /?j|An,|)y and u,* = [u, - (1 - /?o - - 

^2lA7r,|)«,_ 1 1. Ibis error term, uf, now contains a moving-average 
process; and furthermore, due to the appearance of 1^,1 and |A7i,|, which 
may grow with time, there is a po.ssibility of hcteroscedasticity as well. 

In order to take the moving-average problem in u* into account, a 
first-order iiutorcgressive process for the errors was specified, as follows: 

“f = />“/*-1 + «» ( 7 ) 

where p is the coefficient of autocorrelation, |p| < 1, and e is assumed to 
have classical properties.*^ 

T he assumption of a constant variance in the residuals was checked by 
using a somewhat qualitative method. Regression equation (6) was fitted 
on a short .segment of the first 10 observations and this segment moved 
along the time series. .An examination of the values of the mean-squared 
residuarfrom each regression will give an indication of whether the 
variance is changing noticeably.*'’ 

One point to note is that equation (6) basically relates log (AT/P), to 
current and past values of prices; and with /?, and equal to zero, it 
would be possible, as Jacobs has shown in a recent paper (1975), to 
rewrite the equation with the same dependent variable but with the 
current and past values of money balances as the independent variables. 
The two equations would be mathematically equivalent but might give 
different results when estimated (see Jacobs 1975). With /?, and )?j not 
equal to zero, it is extremely dilTicult to derive analytically a function 
equivalent to (6) that has only money balances (current and lagged) as 

' ’ This procedure essetiiially a$.sumes that the first-order moving-average process can 
be approximated by an autoregressive process of the same order. Sec Hendry and Trivcdi 
(1972) for some simulation experiments on this question. 

” Using this type of informal test was due to the nonlinear character of eq. (6) and 
the limited number of observations. 
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explanatory variables. It is partly for this reason that the choice was made 
to work with an equation of the form of (6).** 


III. Results 

Equation (6) subject to equation (7) was estimated using a combination 
of nonlinear least squares and the search method described by Dhrymes 
(1969). While estimates of the economic parameters, y*, a, Pq, /?,, and 
were obtained through the nonlinear estimation procedure, a grid search 
within tlu; bounds .0 and 1.0, using steps of. 1, was made for the estimate' * 
of p. The estimate of p that yielded the smallest standard error in equation 
(6) was chosen as the appropriate estimate. Since the Durbin-Watson 
statistic is biased in models involving lagged dependent variables, the 
estimated value of p will provide a test of autocorrelation. 

In table 1 are shown the estimates of the six parameters from the 
equations estimated for Austria, Germany, Greece, Hungary, Poland, and 
Russia.'* Below the estimated values of the parameters are presented 
their respective /-values. Also shown are the coefficients of determination, 
the standard errors of the regression, and the Durbin-Watson test 
stati,sties. 

'J'he results show that the inflation elasticity, a. has the correct (neg¬ 
ative) sign and is significantly different from zero at the 1 percent level in 
all cases. In general we observe that the estimates of the elasticity, 
especially in the cases for Austria, Greece, and Hungary, arc smaller than 
those obtained by Gagan.'^ 

file estimates of (which correspond to the coefficients of expectations 
in standard adaptive-expectations models) also have the correct (positive) 
signs and are significantly different from zero in all the cases. What is 
particularly interesting about this set of estimates is that the coefficients— 
ranging from 0.129 for Austria to 0.315 for Greece—arc on average 
larger for the group than those obtained by Gagan.'* 

Rccfiit work by Kiriiktl (1977) and Khan (1977) docs nut indicate any particular 
bi.is involved in using a formulation such as (('»). Sec also Gagan and Kincaid (1977). 

‘The lesulting estimates of these parameters all have maximum likelihood (and 
therefoie asymptotic normal) proprTtics. 

' *’ The data u.sed are all taken from Cagan (195(i), appendix B. Variable |7t,| is defined 
as (log P, — log /',-i| for Greece, Hungary, and Ku.ssia and as |log G-i — log R-rl 
for the others. Variable |Aii,| is defined as |ji, — it,_,l for Germany, Greece, and Poland 
and as |jr,_, — ir,_ 2 | for the remainder. The choice between the definitions was based 
on the value of the obtained from the equation. For both variables, the different 
definitions were used m order to introduee the possibility of lags into the behavior of the 
coefficient of expectations. 

* The difference in the estimates of the elasticity could also be due to_ the fact that 
Cagan approximates the continuous-time model while we are working directly with a 
discrete-time version. Since the Cagan approximation involves a multiplicative factor, 

1 — which is ignored in our estimates, some difference in the values of the elasticity 
can be expected. 

In the original Cagan estimates, the values for ^ range from 0.05 (Austria) to 0.35 
(Russia). 
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The results are mixed for parameter Pi- it has a positive sign in five 
cases, though it is significantly different from zero only in the equations 
for Austria, Hungary, and Poland. For Germany and Russia one would 
conclude that the absolute rate of inflation had no effect on the behavior 
of the cocllicicnt of expectations. Although the parameter is significant in 
the erpiation for Greece, its negative sign is not acceptable from a 
theoretical point of view, as it would imply that the higher the absolute 
rate of inflation, the slower the adjustment of expectations to the actual 
rate. 

The ell'ect of the absolute change in the rate of inflation on expectations, 
as measured Ity coefficient /fj, is fairly clear. The parameter has a positive 
sign and is significantly different from zero in all six estimated equations. 
The evidence therefore is consistent with the hypothesis that the speed of 
adjustment is influenced by the extent to which inflation is changing. 

It does appear from our results that the variability of inflation has a 
inor<‘ consistent influence on the change in expectations than does the 
level. The coefficient “<’1 only significantly positive in all cases but 

was larger in value than p^ in the equations for Germany, Greece, Poland, 
and Russia. Tills result is not necessarily in conflict with the Cagan con¬ 
clusion that the change in expectations increases with the level of inflation, 
since liis test merely established that over the hyperinflation the coefficient 
of expectations increases in size. While Cagan attributed this increase to 
tile increase in inflation, the results here indicate that it was the increasing 
variability of inflation that was primarily responsible.'^ 

There is some evidence of autocorrelation in the equations for (icrinany, 
Hungary, and to a lesser extent for Poland. In all other cases, the standard 
error of the regression eciiialion was minimum when p was equal to zero. 
The fits of the equations, as measured by the are generally very good. 
.An ex.itnination of the mean-squared residuals obtained from the moving 
regressions did not indicate any dramatic departures from the hypothesis 
of constant-error variance. It seems therefore that there is no serious 
problem with hcterosccdasticity. 

From the estimated parametei's in table 1, the mean time lags (i.e., the 
time it takes for (36 percent of the effect to be completed) in the adjustment 
of expectations to the actual rate of inflation were calculated. We should 
expect that the incorporation of a variable expectations coefficient would 
lead to a shortening of the mean time lag. The lag is approximately 


'The model was also estimated using only jrt,| and then only |Ait|| m the equation 
for the coefficient of expectations. The re.sults were very similar to those obtained using 
both these variables together. Estimating the model with variability of inflation defined 
as the standard deviation of inflation (in absolute value) calculated from a 6-month 
moving average yielded a positive value for ^2 fbr Hungary and Poland and a negative 
value for the rest This result docs indicate that the conclusion about the role of variability 
depends on how the measure of variability is defined. 
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correlation and systematic predication errors are taken by Cagan as 
being possibly caused by a varying expectations coefficient, we can 
conclude that the present model specification is consistent with that 
hypothesis. 

IV. Conclusion 

A problem in the use of' adaptive expectations as a mechanism to generate 
expectations of inflation is the assumption that the speed with which 
individuals revise expectations is constant. In conditions of hyperinflation, 
it has been shown by CJagan, this assumption is clearly not satisfied. 

The purpose of this paper has been to reformulate the adaptive- 
expectations model in such a way as to incorporate explicitly the hypothesis 
that the gap between the actual and expected rates of inflation determines 
how expectations are formed, but the level and variability of the actual 
rate of inflation have an influence on the revision of expectations. This 
was done by making the coefficient of expectations a linear function of the 
absolute level and absolute change in the rate of inflation.^* The higher 
the level and greater the changes in the rate of inflation, the faster 
individuals would revise their expectations. 

Utilizing the adjusted expectations function, the demand for real-money 
balances was estimated for six of the countries originally studied by 
Uagan. In terms of goodne.ss of fit, wc found that there was not much to 
choose between our model and the (fagan model. However, the results of 
our model did indicate considerable support for the hypothesis that the 
cocflicient of expectations varied in a particular way. On closer examina¬ 
tion of the results we found two particular differences between them and 
C:agan’s own estimates. First, the impact of expected inflation on real- 
money balances was generally lower than Cagan’s estimates would indi¬ 
cate. A constant coefficient of expectations seems to result in an over¬ 
estimate of the inflation elasticity.^’ Second, the time lag between the 
adjustment of expectations to the actual rate of inflation was smaller than 
that obtained by Uagan. Both these results point to the usefulness of 
incorporating variable expectations into the model of the demand for 
money under conditions of rapidly rising prices. 
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This paper considers an organizational aspect of the market in which 
\ctrs art: exchanged for public-policy outcomes. Specifically, the effect 
on the stability and behavior of ixrlilicians of assigning the deinanders 
of political products (i.e., voters) to geographic areas is addressed. 
Implications concerning the locational division of the “buyers” of 
political outcomes for collusive efforts by existing officeholders to restrict 
entry are diawn and tested empirically. The results indicate in effect 
that the institutional structure of political markets is an important aspect 
ol the degree of rivalry among existing politicians and hence the extent 
of entry by nonincumbenl candidates. 


.. . Machine politicians are simply the response to the 
fact that the electoral mass is incapable of action other than 
a stampede, and they constitute an attempt to regulate 
political competition exactly similar to the corresponding 
practices of a trade as.sociatior). [Joseph Schumpeter]* 

. . , The conditions appropriate to the assignment of 
customers will exist in certain industries, and in particular 
geographical division of the market has often been em¬ 
ployed. [George Stigler]^ 
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The policy outcomes supplied through the public sector are demanded 
ex ante by individuals with their votes. No legal recourse exists for 
fraudulent product advertising or even for failure of product delivery. 
Presumably, though no “meeting of minds” has occurred, exchange has. 

This paper considers an organizational aspect of the market in which 
votes arc exchanged for public-policy outcomes. Specifically, the effect on 
the stability and behavior of the “sellers” of assigning the “buyers” of 
political products to geographic areas is addressed. In Section II a 
conceptual framework for approaching the transactional arrangements 
between politicians and voters is presented. Section III draws some 
observable implications concerning the effects of geographical division of 
political representation and provides some empirical testing of these 
implications. Finally, Section IV offers concluding comments. 


II. The Functioning of Fixed Political-Market Shares 

The rivalry among candidates to obtain (temporary) property rights to 
operate the production apparatus of the public sector will, in the ideal, 
serve to protect the sovereignty of individual voter-consumers.^ The 
degree of electoral competition among political entrepreneurs will of 
course vary and a.s such will result in departures from the ideal. Limitations 
on this periodic rivalry, then, can be expected to effect the desired func¬ 
tioning of the vote public policy exchange market.'* 

There are numerous reasons to suspect that the existing “firms” (i.e., 
incumbent officeholders) in the public-policy industry have incentives to 
restrict electoral competition. For example, the ability to extract rents 
from those seeking favorable regulatory legislation would be a function of 
a politician's expected tenure in office. In addition, the politician’s 
inlluence over legislative outcomes is generally related to his length of 
service (because of seniority rules) and hence his ability to back promised 
political benefits to specific interest groups.* However, in a more im¬ 
mediate sense, each incumbent candidate for reelection to public office 
has an incentive to restrict electoral competition due to the presence of 
scale economies. The scale advantage present at the individual-eleciion 
level is the majority voting rule which provides that the political entre- 

^ For two early discussions of the ’‘ideal” democratic structure, see Schumpeter (1962) 
and Becker (1958). An important implication of their dehnitional conception is that "the 
ultimate aim of each political party may be to acquire political power, but in equilibrium 
no one, including those ‘in power,' has any political power” (Becker 1958, p, 107). 

* The role played by rivalry in the mitigation of monopoly power in the organization 
of private economic activity has been discussed by Demsetz (1968, 1971), Tclser (1969, 
1971), and Crain and Ekelund (1976). 

* For an empirical investigation of the relationship between the seniority power of 
congressional delegations to the U.S. House and influence over policy outcomes, see 
Crain and Tollison (1977) and the related study by Stigler (1976). 
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preneur who obtains half the customers can drive the other entrepreneur 
(or entrepreneurs) out of the market * That is, while at an aggregated 
level elections may not be “won or lost,” at an individual level they are.’ 
Thus each incumbent entrepreneur has incentives to inhibit electoral 
rivalry for votes, both from within the field of existing firms and from 
potential (i.c., nonincumbent) entrants. 

The rivalry among candidates to obtain (temporary) property rights to 
operate the representative apparatus takes place within geographic 
boundaries. The extent of these boundaries establishes the market area in 
which the exchange between voters and political candidates occurs. In 
other words, the periodic renewal of political contracts has a spatial 
element, just as in the case of exchange in private markets. Moreover, 
again as in the case of the latter, we might expect the degree of electoral 
competition to be affected by this spatial dimension of exchange. 

The locational division of the “buyers” of political outcomes serves a 
two-fold function in the public-policy industry that may mutually benefit 
the existing “suppliers.” First, it reduces considerably the gains from 
competition among the existing politicians. That is, the geographical 
assignment of voters to districts where residency requirements are in effect 
insures that no political entrepreneur can attract “customers” away from 
other incumbent politicians. Thus the competition for votes typically will 
not involve a rivalry between established firms but, rather, between an 
established firm and a potential (i.e., nonincumbent) entrant. The 
importance of this function of geographic representation, then, is that it 
virtually prevents an existing political entrepreneur from going into an 
election contest without an incumbent’s advantage. Without such 
prevention the precampaign advantage of an incumbent would be muted 
should he have to face another incumbent also seeking reelection.® This 
first aspect is quite analogous to collusive practices in the organization of 
economic activity, where “fixing market shares is probably the most 

* This is essentially the argument made by Tullock (1965); sec esp, pp. 464-65, 

'' Stigler (1972) has stressed that at an aggregated level (c.g., all the scats in a legislative 
assembly) elections may not be "won or lost” in the sense that the control of a certain 
percentage of the total number of scats is important even if it is less than a majority. 
Stigler argues, in effect, that such outcomes can be characterized as more usefully varying 
continuously because the control of fewer than 50 percent of legislative seats does not 
exclude an entire coalition or political party (as a group) from influencing public-policy 
outcomes. For some empirical verification of this argument, sec Palda (1975) and Crain 
and Tollison (1976). The important point to note here is the distinction between election 
outcomes at the "industry" or aggregated level versus the "firm" or individual level. 

* For some empirical estimates of the preelection advantage attributable to "in¬ 
cumbency,” see Welch (1974, 1976) and Jacobson (1976). It should be noted that some 
incentives would still be present for incumbent politicians to engage in indirect election 
rivalry. In addition to interparty conflicts, there is some evidence that the competition 
for campaign funds is not limited to the "home district”; sec Dawson and Zinscr (1976). 
The point to be stressed with regard to the present argument is that legally segmented 
voting districjfi eliminate direct competition among incumbent candidates for the same 
voters. 
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effective of all means of combating secret price reductions” among the 
existing firms (Stigler 1964, p, 44). 

A second function served by the geographical segmentation of political 
markets concerns its role in the establishment of barriers to potential 
entrants. Since incumbents arc not likely to be threatened directly in the 
vote market by other incumbents (as dfscussed above), incentive to 
prevent an existing officeholder from enhancing his preelection advantage 
is reduced. That is, internal resistance to an existing entrepreneur using 
the powers of incumbency to strengthen his electability is slight, because 
the other officeholders in the industry have the same incentive. For 
example, to the extent that an incumbent’s popularity is increased by his 
productivity in passing legislative outcomes desirable to a majority of his 
constituents, his logrolling feats will be enhanced by the fact that other 
incumbents stand to gain from vote trading for the same reason. In 
another light, all incumbents are likely to keep the rules of the game in 
their favor since they only run against nonincumbents. 

Legal or constitutional restrictions arc generally flexible enough to 
facilitate collusive mca.sures on the part of incumbents (e.g., the passage 
of legislation providing expense accounts for travel to the home district 
or for mailing privileges, direct access to media coverage, influence over 
appointed po.sitions) which can affect positively their brand-name capital 
and ability to command electoral support.’ Even in a flexible legal 
setting, such collusive activity would surely tend to falter if incumbents 
were subjected to direct rivalry in the vote market. Given the possibility 
ol'direct competition, some incentives would be present to hinder the pre¬ 
election advantage of an incumbent who addresses vote markets that 
overlap with other incumbents. In effect, incumbents would restrain the 
subsidized campaign activity of their colleagues, which could reduce 
further the costs (including information costs) of voting. In sum, the 
second function served by the locational division of vote markets is to 
reduce incentive to inhibit use of incumbency ptowers to establish or 
strengthen barriers to potential nonincumbent entrants. 

The structure of political markets (e.g., strict geographic representation 
vs. at-large representation) has perhaps a more profound influence on the 
conduct of incumbent politicians in establishing entry barriers than do 
legal or constitutional regulations. In fact many of the latter might be 
deemed unnecessary under political settings conducive to direct incumbent 
competition in the vote market. 

This discussion has stressed the gains from cooperative behavior among 
the entire class of incumbent politicians in restricting electoral competition. 

* Recently several writers have argued convincingly that the passage of laws limiting 
the contributions and expenditures of campaign funds are nothing but incumbent 
protection acts. See csp. Kazman (1976) and Jacobson (1976). For an additional discussion 
of barriers to entry in politics, see Tuliock (1965). 
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To the extent that affiliations with political parties are for a similar pur¬ 
pose (i.c., to coordinate the reelection of incumbent members of the party), 
it is still in the interest of incumbent officeholders of opposing parties to 
support agreements which are mutually beneficial in this respect.^° As 
mentioned above (n. 9), limitations on campaign expenditures may pro¬ 
vide an example of such an agreement. 

Willingness to collude across party lines, however, is a function of the 
particular institutional determinants regarding the relative differential 
in the political power wielded by an officeholder who is a member of the 
majority party fe.g., committee chairmanships, influence over selecting 
positions in the executive branch, etc.). That is, at an individual-choice 
level, incentive to form protective agreements with incumbent members 
of another party will decline, the greater are the potential gains (or losses) 
in altering the party proportions of the legislature. In other words, the 
relevant trade-off facing an incumbent would be to seek to restrict 
electoral rivalry everywhere (i.e., to protect his own “seat” as well as 
tliose of the other incutnbents) versus risking the entry of nonincumbent 
candidates in hopes of obtaining incremental proportions for his own 
party and thus incremental personal influence over legislative outcomes. 
t)f course the “minimax” decision of a risk-averse incumbent would be to 
collude with other incumbents—regardless of his party’s proportion— 
which suggests that reversals in the majority party controlling the legislative 
assembly would not be frequent. Party loyalty among the existing entre¬ 
preneurs in the public-policy industry, in this perspective, is dependent on 
individual wealth-maximizing behavior and indeed may be more apparent 
than real. 

III. Implications and Empirical Findings 

Several observable implications follow directly from the operational 
functions of geographic representation discussed in the preceding section. 
This section develops some of these implications into falsifiable hypotheses 
and offers some empirical testing. Implications regarding the impact of 
specific political-market structures are difficult to test at the federal level, 
since all direct vote competition for the same office (e.g., the Senate or 
the House of Representatives) generally occurs on a strictly geographic 
basis. Though the two U.S. senators from each state do confront a com¬ 
mon geographic vole market, they stagger their confrontations temporally. 
At the state level, however, a fruitful empirical setting is provided, since 
different institutional arrangements concerning representative apportion- 

A dictum by the late Sam Rayburn is illustrative of this role of political parties: 
“All incumbent Democrats who are in trouble get maximum assistance first. If anything 
is left over it will then be parcelled out to the best advantage” (quoted in Redding 
1958, p. 303). Indeed the party apparatus may be more important in restricting non- 
incumbent eijpy at the level of primary elections than in general elections. 
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ment are in effect across the different states. Hence in this latter setting 
comparisons can be made across states to isolate different effects where 
alternative methods of apportionment are employed. 

Before presenting the hypotheses, perhaps it is useful to clarify briefly 
two methodological points. First, the objective is to detect observable 
consequences attributable to the alternative institutional arrangements as 
they exist across states. This is in contrast to the separate, albeit interesting, 
i.ssuc of explaining the existing pattern of apportionment institutions. In 
other words, no theory is offered to explain the underlying differences in 
districting procedures as they have developed historically. Rather, the 
approach here is to take the set of institutional rules as given and examine 
o\itcomes of these differences. Perhaps the best analogy is to those studies 
which examine pricing or output behavior in different types of private- 
market structures, as opposed to studies which seek to explain why some 
industries tend to be competitively organized while others tend to be 
monopolized. 

The second point concerns the nature of the dependent variable 
employed in this section. The relative stability of incumbent politicians, 
as measured by turnover, is examined in various state legislatures in order 
to obtain evidence on the degree of rivalry among candidates. That is, 
more stability implies le.ss turnover and thus lower levels of entry by new 
candidates. While one might argue that high levels of new entry into 
politics will tend to result in a closer corre.spondence between ex ante 
voter preferences and ex post political outcomes, alternative arguments 
surely could be made to support the benefits of less frequent turnover.’* 
This is to say that the effect in principle of free entry is not so clear in a 
political setting. There are some clear advantages to retaining existing 
political entrepreneurs because of such factors as start-up costs and on-the- 
job-training costs and some evidence about the past (versus promised) 
performance of a candidate. 

The electoral process, moreover, can be viewed as an instrument to 
induce officeholders to behave in accordance with constituency pre¬ 
ferences, and thus an increased probability of nonreelection would tend 
to weaken this effect. That is, in the extreme, if no incumbent were ever 
reelected, his behavior in the current term would be utterly irresponsible.’ ^ 
Hence entry of new entrepreneurs in a political setting (necessarily 
implying a turnover of existing suppliers) is not good per se. Frequent 
(involuntary) turnover docs provide an indication, however, of the height 
of the entry barriers and the degree to which they are surmountable and 


‘ ‘ For some discussion of this nature, see Rosenthal (1974), esp. pp. 166-85. Similarly, 
Crane and Watts contend that the high rate of turnover on standing committees which 
results from a general legislative instability “reduces the level of jjcrformance of both the 
lawmaking and watchdog functions of a representative body’* (1968, p. 49). 

’ * For a further theoretical discussion of the impact of succession rights on the behavior 
of officeholders, sec Barro (1973). 
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therefore offers some evidence as to the overall extent of rivalry among 
candidates. That is, a high rate of turnover suggests that those incumbents 
who remain in office are likely to do so more because of closeness to voter 
preferences than because of institutional restrictions on voter alternatives. 

We now turn to the presentation of each of the specific hypotheses to 
be tested empirically. 

One fundamental difference in the apportionment procedures across 
states is the particular agency delegated authority to establish the re¬ 
presentative districts. In 1974, for example, six different apportioning 
agencies held this legal authority across states. Among these agencies were 
the incumbent members of state legislatures.** If the incumbent members 
of state legislatures have incentives to retain their current property rights, 
we would expect that when given the power of apportionment they would 
employ this authority accordingly. Thus one broad implication is that we 
should observe differences between the stability of the legislative houses in 
those states allowing the legislature to apportion and in those opting for 
other apportionment agencies. 

A second noticeable difference in apportionment practices across states 
is the use of multimember districting. This aspect of state representative 
government renders a rather straightforward implication concerning the 
specific functioning of fixed political-market shares. In effect, some states 
employ apportionment rules which place more than one representative 
in a single district, and in such cases incumbents face incumbents in re- 
election rivalry. This is in contrast to the arrangements in other states 
which practice strict geographic representation, that is, one representative 
per district. Thus a second implication is that we should observe differ¬ 
ences between the stability of incumbents in those states where the seg¬ 
mentation of voters docs not permit “cheating” or trying to attract voters 
away from other incumbents (i.e., in states employing strict geographic 
representatives) and in those states where incumbent vote markets overlap 
(i.e., in those states employing multimcmbcr districting).** 

A third implication to be addressed empirically is the relationship 
between the number of voters (“potential customers”) and the extent of 


' * The six categories of agencies which were respomible for state legislative apportion¬ 
ments in 1974 were boards of commission, federal courts, state courts, governors, legis¬ 
latures, and secretaries of state (Council of State Governments 1976). 

'■* Incumbents in the latter type of apportionment setting would still have the same 
incentives to agree to restrain direct vote rivalry, but in the absence ofdistricting barriers 
such agreements would be harder to sustain due to the individual gains from cheating. 
Residency requirements might be viewed more accurately as simply raising the costs of 
vote rivalry. That is, it is conceivable that a candidate might pay the relocation costs of 
citizens in exchange for promises of future votes. However, the chances of a candidate 
being double-crossed are high due to ballot secrecy, thus reducing the expected benefits 
front incurring such transactional costs. This does, however, raise a further implication 
(which is not tested in the present work) that, where residency requirements for voting 
are 1^ stringgnt, geographically divided markets would be less effective in prohibiting 
candidate rivalry. 
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electoral rivalry among polilical candidates. To draw once more on an 
analogy from the organization of economic activity, we would expect 
rivalry for votes (in those institutional settings where this is possible) to 
bo more intense as the number of potential voters per representative 
decreases. This is because the potential gains from “cheating” or attracting 
votes away from another incumbent arc offset by the potential losses in 
votes to other incumbents who similarly seek new customers. Moreover, 
as size ol' the vote market increases, a given level of cheating activity will 
achieve smaller percentage increases in vote shares. Thus, where the 
nurnlier of voters in a district is relatively large, we would expect less 
incentive to “cheat” or to engage in vote rivalry among existing political 
entrepreneurs.' ' 

Tlie fourth and final implication to be investigated in the present paper 
concerns the inlluencc of political parties on Incumbent rivalry. Following 
the disciissifin In the previous section, the extent of cooperative effort 
among all incumbents to restrict entry will depend on the subjective 
evaluation of each existing officeholder as to the relative gains from altering 
party proportions versus enhancing the overall stability of the existing 
seats. The expected benefits from altering party proportions would be a 
funriion of the probability that enough candidates are elected from the 
s;une parly as well as the particular institutional setting which 1 discussed 
previously. 'I'lius the preelection closeness of party percentages might be 
expected to adecl this underlying decision calculus. That is, given a level 
of benefits attributable to being an incumbent member of the majority 
pariv, the fewer seals th.it are ncce.ssnry to alfcct this majority, the higher 
are the ex[)erted retuins to rivalry. The logic here in elfect is that less 
collusive artivity will occur (implying more entry) as the preelection party 
proportions approach equality. 

riie empirical motlel employed to examine these four implieations 
across states is specified thus; 

A’, = /^o + + /fz-WJ.- + Piin, + 

+ I + /ifcA, + PtDPi 4- P^EP , + 

where 

Aj = the number of nonincumbent candidates elected to the 
legislative body in state i in 1974'*’ 

I'oi a discusNion of this point in the context of incJu.>tnal organization, sre Siiglcr 
(1%*!), rsp, p. 49. 

‘ ^ If the sizf of a Irgisilaiivt* assembly increased in this election, the election of a non- 
mcumbciil candidate would not necessarily imply the defeat of an incumbent. There were 
three canes in 1974 in which the size of Irgislatures changed, but in two of these instances 
the number of seals was reduced. The size of the lower houses in Alabama and Maryland 
was reduced by one seat each to 103 and 141, respectively. The size of the upper house in 
Maryland, however, was expanded by four scats to 47. Thus Maryland is excluded from 
the regression sample for the upper houses. 
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Aj = a. dummy variable denoting the apportioning agency 
in state t, where A, = 0 if the legislature has this power 
and Aj = I otherwise 

= a dummy variable denoting the presence of multi¬ 
member districting in the legislative body in 1974, 
where 7), = 1 if state i has any multimember districts 
and £), = 0 otherwise 

Mj = the number of imiltimember districts in the legislative 
body of state i in 1974 

A'/Z), = an interaction term, the product of Mj and 7?, 

If = the average number of incumbents per district running 
for reelection in state 1 in 1974 
IDj = an interaction term, the product of 7,- and 7),- 
I'. = the average size of a single legislative district in state i 
in 1974 

S'. = the total number of seats in the legislative body of 
state i that were up for election in 1974 
l\ = the ratio of the number of seats held by the minority 
party to those held by the majority party in the legis¬ 
lative body of state 1 prior to the 1974 elections 
DPj = an interaction term, the product of T*, and 7),, which 
differs from zero in those states with multimember 
districts 

El\ = an interaction term which differs from zero in those 
states without multimember districts (i.e., the product 
of Pj and Ej where E, = 1 in states without multi¬ 
member districts and /t, = 0 elsewhere) 
g, = a random-disturbance term 

The eight coefficients defined in equation ( 1 ) are estimated from 1974 
data on the variables across stales in the United States (Council of Stale 
Covernrnents 1976). The upper and lower houses of the state legislative 
assemblies arc examined separately since the relevant incentives on the 
part of incumbent officeholders arc operative primarily with regard to 
competition for a specific type of office. The results for state lower houses 
are presented in equation (2) and for state upper houses in equation (3)^ 

Nj‘- = 11.88 -i- 7.85.4, + 0.37MD, + 13.11777, - 46.677), 

(1.52) (1.81) (1.98) (2.62) (-2.58) 

- 0.62 X 10--‘F, + 0.29,S, - 6.957)P, - \3.39EPj (2) 

(-1.67) (6.43) (-0.62) (- 1.37) 

= .7828, 7^18,39) = 17.57, 7^ observed = 48 


' ’ Louisiana and Mississippi were omitted from eq. (2) because no elections were held 
in the lower htwes of these states in 1974. Likewise, six states did not hold elections lor 
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= -0.72 4 - 5.59^, 4 - 0.70MD, + 2.38/jD, - I6.66Z), 

(-0.25) (3.27) (1.63) (0.72) (-1.16) 

- 0.10 X 10-^F, 4- 0.385', 4- 9.8\DP, + OAOEP, (3) 
(-1.43) (6.06) (1.25) (0.03) 

— .5943, ^^ 8 . 34 , = 11.19, observed = 43 

'['he results for each independent variable are discussed and interpreted 
in turn. 

The estimated coefficient for the variable denoting the agency respon¬ 
sible for legislative apportionment, Aj, is positive for both the state lower 
and upper houses, occurring at a .05 level of significance in the former 
case and at a .005 level in the latter. The positive sign of this coefficient 
indicates that the level of nonincuinbent entry is lower in those states 
where the incumbent members of the respective legislative body are 
delegated apportionment rights. Fhe magnitude of this effect is greater in 
I he ease of state lower hou.ses, where the power to apportion (on average) 
.saves the political lives of over seven incumbents per election; while in the 
case of state upper houses apportionment rights in the hands of incumbents, 
ceteris paribus, reduces the average turnover per election by about five 
seats. This initial finding supports the specific contention that, when 
endowed with legal authority to establish legislative boundaries, in¬ 
cumbents can effectively do so in accordance with their self-interest, for 
example, to secure an extended tenure in office. 

The extent of multimember districting can be varied in two ways, both 
of which have been accounted for in the empirical specification in equation 
(1), One, states can vary the number of districts which are to be served by 
more than one representative; or two, they can vary the. number of 
representatives per district.** The variable accounting for the former 
method in equation (1) is and for the latter, //),. The MDj and /jD, 

are interaction variables with /)„ while 73, is included independently in 
equation (1) as strictly a shift parameter. The independent effect estimated 
for the number of multimember districts, A/Z3„ is positive in both equa¬ 
tions above. For the lower houses (cq. [2]), the estimated coefficient is 
significant at the .05 level; and for upper houses (eq. [3]) it is sig¬ 
nificant at the .10 level. These two estimated results suggest that the 
entry of new politicians is affected marginally by the number of multi¬ 
member districts in the legislative body. More specifically, this result can 
be interpreted to imply that the more incumbents placed into direct vote 


upper-housr members in 1974. The states omitted from eq. (3) for this reason were 
Kansas, Louisiana, Minnesota, Mississippi, South Carolina, and Virginia, In addition, 
Maryland was omitted from eq. (3) for the reason cited in n. 16 above. 

“ For some further discussion and empirical investigation of institutional factors as 
vanables in the political structure of state governments, see Crain (1976). 
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rivalry, the easier it is for nonincumbent candidates to enter. As discussed 
in Section II above, the logic here is that collusive agreements to restrain 
electoral competition will be harder to maintain because of the potential 
gains in votes, and the ability of incumbents to construct entry barriers 
will be inhibited.'® 

Similarly, as the number of incumbents per multimember district, ID^, 
increases, the entry of new members into state lower houses increases. The 
estimated coefficient for this effect in state lower houses is positive and 
significant at the .01 level. This variable does not appear at a statistically 
significant level for state upper houses (eq. [3]), which is perhaps due to 
its rather narrow range in the case of the latter. The sign is, however, also 
positive. Again, this variable is interpreted here to imply that the increased 
difficulty of incumbent collusion due to larger numbers per district will 
result in relatively lower entry barriers and hence the observed pattern of 
more new entrants. 

The coefficient estimated for V/ indicates the relationship between 
average size of the districts in the legislative body and the rate at which 
new political entrepreneurs entered in the 1974 elections. The effect 
estimated in both equations is negative and significant at the .10 level for 
both types of state legislative assemblies. As suggested earlier in this 
section, this negative relationship is precisely what we would expect, by 
analogy to the organization of economic activity. That is, as the total size 
of the vote market increa.ses, we would expect the gains from “cheating” 
(i.e., seeking to pull voters away from the support base of other incumbent 
representatives) to be offset by the potential losses from other candidates 
behaving likewise. .\s the average size of the constituencies increases, we 
would expect less incumbent rivalry and thus the observed result of fewer 
new entrants. Moreover, the shift parameter, £)„ which controls for 
differences in the two types of districting procedures, is negative and 
significant in the equation for state lower houses. This negative all-or-none 
shift indicates that the size of the vote market affects a smaller “base” level 
of entry in those lower houses with multimembcr districts. 

As one would suspect, the rate of entry by new politicians is positively 

Rivalry among incumbent politicians also has direct external benefits to non- 
tneumbents seeking election in such situations, because the impact of one incumbent 
challenging the credibility and past performance of another would carry a larger impact 
than identical attacks by a nonincumbent challenger. That is, the advantages from 
brand-name capital and accessibility to media coverage mentioned above can be employed 
“positively” or “negatively,” with roughly similar results. Further, incumbent competition 
could tend to reduce generally the costs to voters of acquiring information about the past 
performance of officeholders seeking reelection. Such information would be generated 
during the rivalry because each incumbent potentially could expand his market share of 
votes by exposing the foibles of his colleagues. This effect is in addition to the indirect 
effects discu.ssed in this paper concerning the collective ability of incumbents to create or 
heighten entry barriers to nonincumbem challengers. These barriers should be generally 
lower in those settings where incumbents share common vote markets. 
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and significantly related to the number of seats up for election. This 
variable is included in the specification of equation (1) primarily to 
control for the absolute size of legislative bodies in examining the other 
somewhat more interesting institutional variables concerning the structure 
of political markets. However, one would expect the extent of collusive 
behavior to diminish as group size increases. 

Finally, the results estimated for the effects of the preelection party 
proportions on nonincumbent entry are somewhat mixed. The estimated 
coefficient for DP^ (which is nonzero for those legislatures where multi- 
member di.stricting is employed) is positive and significant at the .15 level 
for state upper houses but does not differ significantly from zero when 
estimated for stale lower hou.ses. The estimated coefficient for EP^ (the 
variable which is nonzero in states employing single-member districting) 
is negative and significant at the .10 level for the lower legislative bodies, 
but this estimate for the upper houses docs not differ significantly from 
zero. 

Thus, following the logic of the decision calculus posited above, in 
state upper houses wc do observe a delectable tendency for incumbents 
to opt for potential gams from altering party proportions. Only in this 
case tlo we find consistent increases in the level of nonincumbent entry as 
the preelection party proportions approach equality. Thi.s suggests that 
dilferenccs in the value of incumbency issuing from institutional aspects of 
majority control arc more pronounced in the case of stale upper houses. 
However, tins apfjcars to hold only in state upper houses that employ 
mullimernber districting, perhaps because the opportunity cost of partisan 
rivalry is higher in single-member districting states. 'I'hat is, if the struc¬ 
tural advantages to incumbent cooperation are greater under strict 
geographic representation, wc would expect less partisan rivalry when 
incumbents calculate the relevant trade-offs in this latter type of setting. 

These result.s concerning the role of political parties in state legislatures 
indicate that partisan loyalties in general arc not sufficient to generate 
electoral competition among the existing set of incumbents. The institu¬ 
tional structure of vote markets seems to influence party aspects of 
candidate behavior and, in a broader sense, party control over representa¬ 
tives. While the empirical findings on the role of parties are admittedly 
tentative, this economic formulation of the choice problem facing in¬ 
cumbent officeholders may provide a useful framework for further 
investigation. 

IV. Concluding Comments 

This paper has relied heavily on theories from the organization of eco¬ 
nomic activity in developing a conceptual framework for viewing the 
transactional arrangements between politicians and voters. Specifically, I 
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examined the relationships between some aspects of representative 
apportionment and the conduct of the suppliers of political products. 
Implications regarding the effects of alternative apportionment institutions 
on the degree of rivalry among incumbent political entrepreneurs were 
tested in the context of state governments. The empirical findings sup¬ 
ported the contention that the structure of political markets influences the 
stability of existing members of state legislative bodies and hence the entry 
of new members. 

The role of political parties on electoral competition was examined in 
the context of a simple wealth-maximizing choice problem. The results 
in this case indicated that the expected benefits from partisan rivalry 
were also dependent upon the particular institutional structures employed 
in state legislative assemblies. In most settings, the gains from party rivalry 
did not appear to offset the gains from cooperative effort among all 
incumbents. 

The level of new entry has further implications concerning the corre¬ 
spondence between voter preferences and outcomes in the public policy 
industry. In addition, the use by over half the states of political-market 
structures which function to foster incumbent rivalry may provide some 
clues as to the vast disparity which persists between the rate of non- 
incuinbent entry into politics at the state level as opposed to the federal 
level. 
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On Uncertain Lifetimes 


Robert J. Barro and James W. Friedman 

University of Rochester 


This paper contrasts consumer choice under uncertain lifetimes with 
the behavior that would arise ifeach individual’s lifetime were announced 
at birth. In a model that includes life insurance and excludes investments 
in human capital, the expected utility under uncertain lifetimes exceeds 
that under known lifetimes when the latter expectation is based on 
preannouncement survival probabilities. This conclusion emerges, first, 
because the model without human capital contains no planning benefits 
from knowledge of the horizon and, second, because the prior announce¬ 
ment of lifetimes forces risk-averse consumers to undertake an extra 
gamble that they could otherwise avoid by using life insurance. 


This paper explores the role of uncertain lifetimes in an intertemporal 
model of consumer choice. The analysis compares the behavior of con¬ 
sumption and utility under a stochastic horizon with that which would 
arise under certainty where each individual’s length of life is announced 
at birth. In a model that includes life insurance and excludes investments 
in human capital, the expected utility under uncertain lifetimes exceeds 
the expected utility under known lifetimes when the latter expectation is 
based on preannouncement (ex ante) survival probabilities. This con¬ 
clusion emerges, first, because the model without human capital accumu¬ 
lation contains no planning benefits from knowledge of the horizon; and, 
second, because the prior announcement of the time of death forces risk- 
averse consumers to undertake an extra gamble that could have been 
avoided by the use of life insurance in the uncertainty case. 

The possibility of accumulating human capital implies planning 
benefits from knowledge of the time of death. The ability to match 
investments with the horizon implies that expected lifetime wealth is 
lower in the case of uncertain lifetime than in the case where lifetimes are 
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announced at birth. The effects on expected lifetime utility are ambiguous 
because the planning benefit from knowledge of the horizon offsets the 
cost associated with risk aversion. 

One other result is that, contrary to some earlier suggestions, an 
uncertain lifetime is not a rationale for time preference when “perfect” 
life insurance is admitted. Although survival probabilities below unity 
imply a discount on future utility, they imply a corresponding discount 
in the budget constraint on future income and expenditure. On net, 
there is no effect of uncertain lifetime on the preference for current con¬ 
sumption relative to future consumption.* 

In Section I a model is examined in which the individual’s lifetime is 
uncertain and there is no human capital accumulation. Section II deals 
with a model in which the lifetime is known, though randomly determined 
at the start. In Section III the models of the earlier sections are modified 
to allow for the accumulation of human capital. 

I. Uncertain Lifetime with No Human Capital 

(ionsicler a consumer who lives no more than T periods, with the prob¬ 
ability of dying at the end of the ith period being /),. It is assumed that, at 
the end of tlic first period, a random draw occurs. With probability />, 
the consumer dies. In general, if the consumer lives during period i, a 
random drawing with a death probability of pi/'E.J=iPj takes place. 
It is a.ssumed that/); 2: 0 for i = 1,..., T — \,Pr > 0 and ,/>, = 1. 
The eonsurncr is viewed as maximizing expected lifetime utility, which is 
given by 

0 = u(r,) + (1 - p^Mc^) + ■■■ + (1 - /), - • • • - /),_ ,)w(c,.), 

( 1 ) 

where r, is consumption and u(f,) is the satisfaction enjoyed during the tth 
period of the lifetime. Let <•/, = 1 — Pji^ > 1) be the probability 

as of birth that the person survives into the ith period. Then, with ^| = 1, 
equation (1) can be written as 

T 

^=12 ?.“(^<)- ( 2 ) 

I-1 

The function, u(c), is assumed to be increasing, concave, and differentiable. 
Thus, «' > 0 and u" < 0. Note that «" < 0 is often interpreted as “risk 
aversion,” and also that the lifetime utility function contains no discount¬ 
ing of future enjoyments beyond that which is included in the survival 
probabilities. ^ 

‘ This result can also be seen in case C of Yaari (1965), which is a continuous time 
version of the discrete time model in Section I. 

^ Some eomments are made on the cflects of discounting in n. 5 of Section II. 
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Assume that the market interest rate is zero (see n. 5 below) and that 
the individual can purchase annuities and life insurance at actuarially 
fair prices, as well as being able to borrow and lend. These market 
opportunities make possible such diverse contracts as “negative annuities,” 
an example of which is a contract where the consumer receives $1,00 at 
the start of period 1 and repays 1/(1 — ^,) contingent on survival at the 
start of period 2. To duplicate this contract with a loan secured by life 
insurance, the consumer borrows 1/(1 — /»,) dollars at the beginning of 
period I and pays a premium of/>|/(l — pi) dollars for a 1-period life 
insurance contract that pays off 1/(1 — /»,) dollars at the beginning of 
period 2 should he die by that time. For an additional discussion of 
contracts of this sort, see Yaari (1965). The present framework is a 
discrete version of his (continuous time) case C. 

7’aking the purchase of life insurance into account, the budget con¬ 
straint is a requirement of equality between expected lifetime income and 
expected consumption expenditures. Let_y be the income received during 
each period of life, A the initial assets of the consumer (which may be 
negative), and iT the expected value of lifetime wealth (which must be 
positive). Then the budget constraint is 
7 r 

2^ 9i(i = .V (3) 

J = I J -- ! 

The term 2/= 1 V. = f the expected length of life; hence, expected 
lifetime wealth and expected length of life arc related by 

iT 4 . A. (4) 

It is immediate that the maximization of 17(c,, . . , , Cy) = 'EJ= 1 
subject to the budget constraint (eq. [3]), implies the first-order conditions, 

“ (t^i) ~ “ (Cj) = • • • = u (Cf). (5) 

That these first-order conditions correspond to a (constrained) utility 
maximum follows from the concavity of O and the linearity of the budget 
constraint. 

Thus, an optimal plan requires a constant level of consumption over 
time, c = Wfl = y + Aji, and the expected value of attained lifetime 
utility is 

D = lu{c) = lu{y 4- Ajl). (6) 

It has been argued that the uncertainty of survival is a rationale for the 
inclusion of a discount factor on future utility,^ This observation suggests, 
in turn, that a person living in a world such as that modeled here would 
exhibit a positive rate of time preference—that is, with a zero market 

’ See Bohm^Bawerk [1891] 1971, p. 2,5.5; Pigou 1962, p. 26; and Friedman 1969, p. 22. 
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rate of interest, the optimal consumption plan would call for a rate of 
consumption that declines over time. This argument turns out to be 
invalid because the same “probability discount factors” that appear in the 
objective function, equation (2), appear also in the budget constraint, 
equation (3). 


II. Known Lifetime with No Human Capital 

(Consider modifying the model of Section 1 to allow for a length of life 
that is randomly selected at the start and announced at that time. As 
before, the probability of dying at the end of the ith period is p,. However, 
at the moment of birth a random draw is assumed to occur, and the 
consumer’s length of life, t, is determined and announced to him. It is 
also announced to any economic agent who might make an insurance 
contract with him. After the announcement of <, the consumer’s objective 
function is 

f 

= E “(O. (7) 

i« I 

and his budget constraint is 

r 

+ A ^ IV(1). (8) 

1 

Note that the ex ante survival probabilities are absent from both the 
objective function and the budget constraint. Of course, the ex post 
survival probabilities are present. They are 1 for each of the first t periods 
and 0 thereafter. 

Again, the optimal consumption plan calls for a constant level of 
cons\imption over time. For an optimum, 

u'(f,) = u'(C 2 ) = ••• = u'(c,) = (9) 

where 

c*=y + Alt. (10) 

The attained level of lifetime utility is 

U(i) = tu(c*} = lu{y + All). (11) 

The interesting comparison to make with the model of Section I 
concerns a consumer who is at the beginning of his life and has not yet 
observed the outcome of the random draw that determines t, his length 
of life. His expected lifetime utility under the conditions .of the present 
section is 

r 

E[U{C)] = E[tu{y + /I/O] = 'EpMy + 

I 


(12) 



ON UNCERTAIN LIFETIMES 847 

Meanwhile, the maximuin value of expected lifetime utility that is 
attained in the model of Section I is 

D = lu{y + All) = U[Eil)]. (13) 

Accordingly, the question of whether the consumer is better off under 
the risk of Section I or that of the present section comes down to a com¬ 
parison between E[U(t)] and U[E(i)]. If U(t) is concave, then Jensen’s 
inequality states that £[f/(0] ^ {')]■* It easily verified that the 

concavity of u(c) implies the concavity of U(t); hence Jensen’s inequality 
docs hold. Given the conditions that A ^ 0, that u is strictly concave, and 
that at least two of the p, are greater than zero, Jensen’s inequality holds 
strictly. Under these circumstances, the regime of Section I is preferable in 
the sense that it yields the consumer a higher value of expected lifetime 
utility, as evaluated at the beginning of life. The key element that produces 
this result is that the consumer’s ability to buy insurance gives him the 
same expected lifetime utility as he would have if his lifetime were known 
with certainty to be of length f, the mean length of life. ^ 

In the model of the present section, the consumer behaves optimally, 
making his decision after his length of life is determined. He does not 
escape having to take part in a gamble—namely, the gamble associated 
with the determination of I.® Under the other model, his ability to insure 
allows him to consume y -f Ajl in each period he lives, which has the 
elfect of removing him from part of the gamble into which nature placed 
him. He does not escape the presence of uncertainty of length of life, but 
he does escape the utility cost associated with having to bear the conse¬ 
quent risk of an uncertain value of Wjt —the per period amount of wealth. ’ 

The two regimes yield the same utility if A = 0; however, the expected 
utility derived from the regime of Section 1 would again be higher if 
income, y, were not constant. The simplest case of nonconstant income 
occurs when the consumer is assumed to “work” for a number of years, 
having the same income per year, then to “retire” at some given age and 
have no employment income thereafter. Such assumptions, without con- 

* On Jensen’s inequality, see Mood, Graybill, and Boes (1974), p. 72. 

’ .Since the time pattern of consumption is uniform under both known and unknown 
horizons, there are no “planning benefits” that derive from knowledge of the time of 
death. Introduction of an interest rate or of a subjective rate of discount on future utility 
would eliminate the constancy of consumption over time but would not eliminate the 
correspondence of the time pattern of consumption for the two cases. An example of 
planning benefits from known lifetimes that are associated with human capital accumu¬ 
lation is described in Section III. 

* There is assumed to be no possibility of risk pooling before the announcement on 
lifetime occurs. Insurance possibilities are irrelevant after the announcement when the 
length of life is known. 

Hirshleifer (1971, p. 568) discusses some analogous situations in which information 
may not be socially useful. The length of life can be considered part of the individual’s 
endowment in Hirshlcifer’s model. 
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sidcration of a randomized length of life, occur in Modigliani and Brum- 
berg (1954). 

In sum, the conclusion can be expressed as follows. Consider two 
regimes; regime 1 in which all individuals are born with a common 
probability density that determines the length of life; and regime 2 in 
which individuals are labeled at birth with a value of t that is drawn from 
the same distribution. The model implies that regime 1 is preferable— 
in the sense that, if both regimes were technically feasible, all (risk-averse) 
members of society would opt for regime 1. 

The analysis is also suggestive for the optimal amount of investment to 
undertake in activities that yield information about individual life 
expectancy. The type of argument may provide a rationale for maintain¬ 
ing some ignorance about the state of health, especially where terminal 
illness may be involved. 


III. Human Capital 

The planning benefits from known lifetimes can be illustrated by intro¬ 
ducing a variable amount of human capital. In a simple case all of the 
(nondepreciable) amount of Ituman capital, K, is acquired during the 
first period of life. Suppose that income in each period is still constant 
over time but is now a function of the amount of human capital, as 
expressed by tlie function,/(A'), where/' > 0 and/" < 0. 

In the case of an uncertain horizon (the model of Section I), the only 
cliange is a modification of expected lifetime wealth (eq. [4]) to 

IV =f(K)l + A - K. (14) 

CUioosing K to maximize expected lifetime utility (when an interior 
maximum exists) results in the first order condition, 

/'(A) = 1/f. (15) 

Letting A denote the optimal quantity of human capital, the optimal rate 
of consumption is 

^ =/(^) + (A - f^)li = (16) 

and the expected value of lifetime utility is 

0 = lu{\Vll) = Iu[/(A) + {A - A)/I]. (17) 

Turning now to the model in which the lifetime is determined before 
any actions are taken, lifetime wealth is 

W(t) = f(K)t + A - K, (18) 

and the optimal value of human capital, K{t), is the solution to 

/'(A) = l/I. 


(19) 
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The assumptions on/' assure that equation (19) has at most one solution 
with A” > 0. With a knowledge of the lifetime, individuals can match K 
with t, rather than basing the investment decision on 1. Optimal con¬ 
sumption and the maximized value of attained lifetime utility are 

c{t) = W{t)lt =f[K(t)] + [A - K{t)]lt, (20) 

ir(l) = tu\W{t)!l] = tu{flK(t)] + \A - Kity]/t}. (21) 

Consider, again, an cx ante calculation of expected utility when t is 
distributed in accordance with />.,). It is straightforward to show 

that expected lifetime wealth is higher under the case of known horizon— 
that is, 

A[rT{/)I > W[E{t)\. (22) 

This conclusion follows from the convexity of fT in t and the application 
of Jensen's irfcquality. ** Intuitively, it may be thought of as resulting from 
the ability to make the investment decision after the lifetime is known, 
which provides a ))erfcct match between K and t. 

It is now not clear whether, in the presence of human capital invest¬ 
ment (or analogous considerations that produce planning benefits from 
knowledge of the horizon), the consumer is better off having his length 
of life randomly determined prior to any decisions at the start of period 1, 
or having a random drawing at the end of each period that he survives. 
In the former situation he can make a perfect match of human capital 
investment to his (known) lifetime, but he cannot take out insurance that 
guarantees him a per period amount of consumption that corresponds to 
living the mean length of life. Obviously, which of these two elements 
predominates depends on the particular utility function, investment 
function, and probability distribution that apply. 
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Consumer Horizon: Further Evidence 


Khan A. Mohabbat and Evangelos 0. Simos 

Northern Illinois Umoerstty 


This paper provides new evidence on consumer subjective discount rate 
and the consumer horizon. Deriving the subjective interest rate for the 
United States, directly from total private wealth, the findings support 
Friedman’s contention of a 3-year average horizon. Using the varying 
parameter method of estimation, a time series of factor of proportionality 
has been constructed and its behavior analyzed over the sample period 
1929-69. Finally, the correlation between the permanent elements, 
permanent and transitory elements, and the transitory elements is 
verified. The results overwhelmingly support Friedman. 


The length of the consumer horizon recently has been subjected to a 
great deal of debate, the outcome of which has important implications 
for the validity of the Permanent Income Hypothesis (PIH) as it rests 
on a consumer horizon of certain duration. For instance, if the length of 
horizon were short, say I year, there will be little distinction between the 
conclusions derived from the PIH and the Current Income Hypothesis 
(CIH) (Holbrook 1967, p. 754). On the other hand, if the length of the 
horizon were substantially longer than a year, the policy implications 
based on PIH will diflfer significantly from those of the CIH. 

Friedman, himself, points out that a 3-year time horizon gives a 
good approximation of permanent income (1957, p. 150; 1963, p. 25). 
That is to say, given a 3-ycar horizon, any changes in income Itisting 
fewer than 3 years in duration would be treated by the household as 
transitory, while one lasting 3 years or more would be considered as 
permanent. Laumas (1969), Landsberger (1971), Laumas and Mohabbat 
(1972) and Darby (1974) have provided varying degrees of support for 

The authors, associate professor and graduate research assistant, respectively, wish to 
express their gratitude to Prem Laumas, James Ghcrity, and Edward Prescott for their 
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Friedman’s contention regarding the length of horizon.* However, 
(irilirhe-s ct al. (1962), Holbrook (1967), and Wright (1969) provide 
evidence for a much shorter length of horizon. ^ 

I'he wide disparity among the empirical findings of the above studies 
i.s due mainly to diflerenccs in the methodology and the definition of 
income and consumption that are employed to calculate the consumer 
discount r;itc. In this study we use a more direct approach to provide new 
evidence regarding the consumer horizon and the subjective discount 
rate, r. 

Our method ha.s .several advantage.s over other studies. (1) We do not 
approximate permanent income as a weighted average of past and current 
iiuomc as i.s the case with other studies. As required by the PIH, we 
derive permanent intome directly from total private wealth. Total wealth 
IS derived from human and nonhiunan resotirccs. (2) Our consumption 
data arc in strict accord with the PIH that includes expenditure on con¬ 
sumer nondurable goods and services of durable goods; that is, only a part 
of consumci spending on durable goods in any 1 year will be counted as 
that year’s consumption, the balance constitutes consumer saving in the 
iorm of durable goods. Since durable goods last for several years their 
services will be added to consumption in the future periods. Other studies, 
due to lack of data on services of consumer durable goods, have employed 
eilhcf total consumer expenditures or expendilures on nondurables only. 
Neither definition meets the retiuircincnts of ilie PIH. (3) Most studies 
have either eliminated the war years or developed techniques to dampen 
the effects of those years. These attemjits are, al best, rough approxima¬ 
tions of the actual situation. It is our contention that PIH, if valid, should 
he aide to explain consumer behavior during economic upheavals as well 
as economic .stability. Thus our time-.series data for the United States 
cover the period of 1929-69, (4) Our estimates of r, the subjective dis¬ 
count rale, are directly derived from total private wealth, thus avoiding 
the roundabout methods of estimation as employed by other studies. 

This study proceeds as follows; Section I deals with methodology and 
empirical results and Section H presents concluding remarks. The data 
on income, consumption, and wealth for the United States, 1929-69, are 
obtained from Christensen and Jorgenson (1972, pp. 336, 337, 358). 

' Laridsbcrgcr’.s ctmsumrr discount rate based on Israeli data ranges between .17 and 
.45, yielding a corresponding horizon of 2.22-5.88 years. Laumas using Canadian data 
and Laumas and Mohabbat U.S. data have obtained identically the same horizon as 
Friedman. Although Uarby, using U..S. data, derives a large number of consumer hori¬ 
zons, the one he prefers is 10.5 years in duration. 

^ Holbrook and Wn’ght using U.S. time-series data obtain a consumer horizon of 
7-13 months’ and 1.2.5-1.5 years’ duration, respectively. Griliches et al., also using U.S. 
data, estimate the horizon to fall between 3.6 and 8.4 months. It is essential to say that 
the data used in the case of Griliches ct al. are quarterly data and have lagged con¬ 
sumption as an explanatory variable. Since they employ ordinary least-squares estimation 
procedure, the results concerning the horizon are downward biased. 
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I. Methodology and Empirical Results 

Estimation of Consumer Discount Rate, r 

The theoretical construct of PIH relates total wealth as the source of 
permanent income as 

= ( 1 ) 

where jVp is permanent income, W is total wealth consisting of the sum of 
human plus nonhuman wealth, and r is considered to be some form of 
subjective interest rate taking into account such things as the rates of 
returns on equities and bonds as well as rates applicable to human wealth 
and to physical goods. 

In equation (1) only H' is observable; and r cannot be observed. 
Following Friedman (1957, pp. 21-22), (1) can be written as 

y„ - y, = rlV or y„ = rlV + y„ (2) 

with jj, = 0 whereis measured income that is observable, r, is transitory 
income which is not observable, andjj, is the average value of transitory 
income. With regard lay, for cros.s-.seetion data, Friedman (1957, pp. 
21 22) states that “. . . the transitory component [of income] is to be inter¬ 
preted as reflecting all . . . factors that are likely to be treated by the unit 
affected as ‘accidental’ or ‘chance’ occui rcnces. . . . For any considerable 
group of consumer units, the resulting transitory components tend to 
average out . . . and the mean transitory component would be zero.'’ The 
case for the average value of v, = 0 is even stronger for aggregate time- 
series data encompassing a sulliciently long period. ' 

Equation (2) can be used to estimate the value of r. Inasmuch as 
economic conditions iti the United States have varied over the .sample 
period of 1929-69, r cannot be expected to have remained constant over 
the years; after all, it is a form of weighted average of observable and 
nonobscrvable interest rales. The observable rales have fluctuated widely 
with cyclical fluctuations in economic activity, and there may be little 
reason to assume that the nonobservable rates, that are mainly dependent 
on the degree of optimism and pessimism of the household units, have 
remained constant. 

Since some sequential variations in r may be of the transitory type 
and others of a more permanent nature, we use the varying parameters 
regression procedure to obtain annual estimates of r. This method which 
has recently been developed by Cooley and Prescott (1973a, 19735) has 
two advantages. On the one hand this approach is particularly suitable 
in correcting for autocorrelation and on the other it incorporates the 
effects of structural changes into the consumer discount rate. 

' Treating the mean value ofy, — 0 has become a common practice {see, for example, 
f-oldberger 1964; Waters 1970; Johnston 1972, and Darby 1974). 
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TABLE I 

Time Sekies Estimates op r, the Subjective Interest Rates 


Year 


r 

Year 

r 

Year 

r 

1929. 


.2.) 

1943 . 

■M 

1957. 

.25 

1930 . 


.23 

1944. 


1958. 

.25 

1931.. . . 


.22 

1945. 

.27 

1959. 

.26 

1932 . 


.19 

1946. 

. .24 

1960. 

. .26 

1933. 


.19 

1947. 

. .24 

1961. 

. .26 

1934 . 


.20 

1948 . 

.24 

1962 . 

.26 

193.3 .... 


.21 

1949 . . . 

.24 

1963. 

. .26 

19.3(1. 


.24 


. .24 

1964 . 

. .27 

1937.. . . 


.24 

1951. 

.25 

1965 . 

.27 

1 '.m . . , . 


.23 

1932. 

.25 

1966. 

.28 

1939 


.24 

1933 . 

.25 

1967. 

. .28 

1940. 


.2.3 

19.54 . 

.25 

1968. 

.28 

1941 . .. . 


.20 

19.35. 

.26 

1969. 

.28 

1942 . 


.20 

1936. 

.26 




'I'able 1 presents the time-series estimates of r. They require some 
explanations. First, the estimates, as expected, are not constant over the 
sample period. Second, they arc extremely high relative to the market 
interest-rate structure. Friedman (1963, p. 25) points out, “If it [the 
.subjeetiv'e interest rate] seems drastically out of line with the widely 
(pioied market rates of interest, it should be kept in mind that the.se rales 
apply only to a very limited range of assets; that most future receipts whose 
discounted value constitutes wealth come from assets that cannot be 
reatlily bought and sold or for which buying and selling price differ 
widely. It should be kept in mind also that the value of r required by the 
theory [PIH] includes not only pecuniary but also non-pecuniary returns 
from the assets. These non-pecuniary returns rationalize the simultaneous 
ownership by consumer unit of a.sset.s that have widely varying rates of 
pecuniary yields.” 

Third, the eonsitmcr horizon is very sensitive to socioeconomic con¬ 
ditions. For instance, in 1929 where r = .25 the consumer horizon was 
4 years in length. However, as depression ensued r declined rapidly to .19 
in 1932 and 1933, and consumers became more cautious by lengthening 
their horizon to 5.26 years, a 32 percent increase. As depression receded 
the length of the horizon fell back to 4 years in 1940. In the years following 
World War II and through the decade of the fifties the consumer horizon 
remained on the average around 4 years. During the sixties, especially 
toward the latter part of the decade, the consumer horizon shrank to 3.57 
years, showing a more confident attitude on the part of the consumer. 

Although our results do not show an average consumer horizon of 
exactly 3 years, they are sufficiently close to lend support to Friedman’s 
position. 
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Estimation of the Factor of Proportionality, k 

Friedman defines k as the MFC = AFC that relates permanent con¬ 
sumption to permanent income as 

Cp = kY^ (3) 

where Y^ = fW is permanent ineome, f is the estimated value of r, and 
Cj, is permanent consumption. Since is not observable we follow Fried¬ 
man (1957, p. 22) in substituting its equivalent as 

C„- C, = kY^ or = kY^ + C„ (4) 

with C, = Q and C„, C„ and C, as measured consumption, transitory 
consumption, and the mean value of transitory consumption, respectively. 
Equation (4) states that actual consumption differs from permanent 
consumption by the amount of transitory consumption. This difference 
is mainly due to “accidental” or “chance” factors coupled with errors 
of measurement. It is expected that the average value of the transitory 
consumption will be zero over the sample period (Friedman 1957, p. 22). 
In estimating k we have abandoned the assumption of parametric stability 
and have allowed k to be subject to permanent and transitory changes 
over time. Using the varying parameters regression technique the time- 
series magnitudes of k are presented in figure 1, which reveals some 
interesting points. 

To begin with, the overall estimated value of A = MFC = APC is 
equal to .72. This figure seems to be somewhat lower than the marginal 
propensity to consume that has been obtained by Friedman and others. 
However, there are two reasons for the discrepancy of the results. (1) 
Most studies, due to lack of data on total wealth, have used weighted 
averages of the past and present disposable income to calculate permanent 
income whereas we have derived permanent income directly from wealth. 
Therefore our income concepts arc not comparable. (2) The definition of 
consumption as employed here refers to the consumer expenditures on 
nondurable goods plus the services of durable goods. Other studies, due 
to the unavailability of data, have used either total consumer expen¬ 
ditures or consumer expenditures on nondurables only. 

Although the overall behavior of k is stable when economic conditions 
are normal its value is not constant from year to year."* In the postwar 
period, where economic conditions were relatively stable, the fluctua¬ 
tions in k were minor. However, when looking at more turbulent periods 
the value of k has varied substantially; for instance, during the depres- 

* The temporal variation in ^ is in line with Friedman’s intuitive view, when he re¬ 
ferred to a number of studies, that ’’the observed rough constancy of k is about as much 
of a puzzle as substantial variations in it would be” (1957, p. 120). 
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.sion yoars it rose from .73 in 1929 to .89 in 1933 —a 19 percent increase. 
With the economic recovery the value gradually tapered off, reaching 
,75 in 1940. The war years produced a sizable decline to a low of .63— 
a 16 percent decline from 1940. 

'l o obtain a clear view of the fluctuation of k in an unsettled economic 
environment we search for clues in the behavior of its determinants. 
The theory slates that 

k = k{i, w, «), (5) 

with PkjC'i < 0, dkjdw > 0, and dA/dw $ 0 where i is the market interest 
rate .structure, w is the ratio of nonhuman wealth to human wealth or to 
income,, and « is a catchall phrase representing numerous traits and 
attributes of the household and such factors that affect their degree of 
optimism. 

During the Great Depression the nominal as well as the real interest 
rate structure, whether represented by the discount rate or the prime rate, 
declined between 50 and 70 percent. The effects of i on k according to 
the theory is to raise the value of k. By the same token, the value of 
w, the ratio of nonhuman wealth to income, rose during this period. 
Although during the depression both income and nonhuman wealth 
declined, the reduction in income, as evidenced by a high unemployment 
rate which reached a peak of 25 percent in 1933, was more severe. On the 
other hand, total nonhuman wealth, the numerator of w, which consists 
of tangible assets and net financial claims against governments and the 
rest of the world, declined less rapidly than income. The increase in w, 
according to the theory, exerted an upward influence on k. 

The effects of u upon k are not clearly known. However, during the 
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depression a number of welfare programs had been instituted and the 
federal government pursued an expansionary policy culminating in a 
deficit spending of $2.5 billion in 1932. By the same token, as depression 
reached the second leg of its double bottom in March 1933 signs were 
evident that panic was terminated and psychological reversal had taken 
place (Lee 1971, p. 189). This was due partly to the experimental policies 
of the Roosevelt administration which were aimed at the economic 
recovery. The establishment of the National Recovery Administration is 
a good example of the administration effort to build public confidence. 
It may be reasonable to expect that the effects of u on k were positive. In 
sum, the overall effect of t, w, and u on A: was to raise the value of k during 
the depression years. 

On the other hand, the value of k declined sharply during World 
War II. This may be explained mainly in terms of the federal government’s 
programs to finance the war, diverting resources from the private sector 
to the public sector. ’ 


Verifications of PIH Postulates 

Finally, we attempt to verify the remaining postulates of the PIH. The 
theory states that the transitory components of income and consumption 
are uncorrelated with one another and with the corresponding permanent 
components. Using the correlation coefficient, R, this relation is expressed 
symbolically as 

R{C„y,) = R{C^, C.) = R{y„y,) = 0. (6) 

Our estimates of the coefficient of determination, R^, for each pair are 
as follows: R^{Cf,y,) — .11, R^{Cp, C,) = .08, R^{yp,y,) = .02. These 
results strongly favor the PIH that there is no correlation between the 
transitory elements and the transitory and permanent elements. 

The theory also states that the only systematic relationship that 
exists is between permanent consumption and permanent income. Our 
findings of R^ = .99 between Cp and support this hypothesis. 


II. Conclusion 

In this study we have provided new evidence on consumer subjective 
discount rate and the consumer horizon. Our findings support Fried¬ 
man’s 3-year average horizon. We have also estimated a time series of the 

’ During the war the government pursued an aggressive campaign that was directed 
at individual savers to buy government bonds. Though we do not know the exact figures 
of diversion of resources from the private sector to the government sector for the war years 
it was well above the 18 percent which is the yearly average resource diversion for the 
entire period 1939-Jp (Friedman 1952, pp. 624-25). 
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factor of proportionality and have analyzed its behavior over the sample 
period. Finally, we have verified the correlation between the permanent 
elements, permanent and transitory elements, and the transitory elements. 
The results overwhelmingly support Friedman. 
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Equilibrium in Stable Markets 


James A. Ohison 
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E. Kama (1971) has shown that the classical, two-period, two-parameter 
capital asset pricing model can be generalized to the case of symmetric 
stable distributions. Fama develops his results using a one-factor 
(“market-model”) distribution of returns. The present research shows 
that the same equilibrium results hold for all stable distributions of 
returns which allow for a concave and differentiable objective function; 
there is no need’to assume symmetry or any other restrictions on the 
return structure. F’urthermorc, derivations are straightforward in that 
they rely only on elementary properties of homogeneous functions. 


I 

Fama (1971) has developed a model which generalizes the capital asset 
pricing model of Sharpe (1964), Lintner (1965), and Mossin (1966). 
Specifically, Fama analyzes symmetric stable (Paretian) return distribu¬ 
tions with the characteristic exponent (a) greater than 1, producing 
equilibrium structures which are similar in most respects to the classical 
capital asset pricing model. 

The analysis set forth by Fama employs a one-factor market model 
which causes the interdependence of asset returns. One may, of course, 
hypothesize that the results can be generalized and do not depend on this 
specification of the return process. Fama correctly suggests an extension 
based on specifying a vector of commonality factors. Therefore, one would 
expect the demand and equilibrium analysis to remain essentially un¬ 
changed for all multivariate symmetric stable distributions with a. > 1 
without complicating the formal analysis. 

It will be shown below that this is true. The analysis can be made simple, 
efficient, and clear by using elementary properties of homogeneous 
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functions. If the derivations are cast in this mode, it will become apparent 
that the results are not contingent upon the assumption that returns have 
a symmetric distribution. They are equally applicable for asymmetric 
stable distributions, as long as the portfolio-optimization problem is 
concave in the allocation vector. The equilibrium relationships derived 
by Fama are thus of considerable generality; consequently, it is interesting 
to build a framework which allows for efficient and general derivations. 


II 

The .set of all possible multivariate symmetric stable distributions admits 
a general representation by their characteristic functions. Let ft = 
(/?,, . . . , /?„)' be an «-dimcnsiona! vector of random variables obeying 
such a probability law. Ferguson (1955) has shown that ft is symmetric 
multivariate stable if and only if its characteristic function is representable 
in a form given by‘ 

log fvexp {it'ft} = iS{t) - 0 ( 1 )’, (1) 

where t 6 ( = V — 1, 0 < a ^ 2 and for all real scalars u 

S(tu) = uS{t). (la) 

a(uty = \u\’a{ty ;> 0. (lb) 

Hence the conditions (la) and (lb) assert that (5(t) and cr(t) are functions 
which are homogeneous of degree 1. This is an important fact which will 
be extensively used in the following analy.sis. Fergu.son further demon¬ 
strated (1955, p. 149) that (la) can be reduced into a solution t'^, where 
S = ((5|, . . . , (5„)' 6 It", and ^ is a vector of scalars independent of t. 
No similar simplification is available for a(t); for example, if a = 2 
(i.e., ft has a normal distribution) a{t) = [2 21 cov (kj, 

III 

Below, we shall consider only the case in which 1 < a ^ 2 and ft should 
be interpreted as the vector of 1-period rates of return on the n-risky 
assets in the economy. Next, we can consider the type of economy de¬ 
scribed in Fama (1971) without imposing any particular restriction on the 
symmetric, multivariate, return distribution. In other words, the economy 
is a standard “2-pcriod” frictionless model where the investors or con¬ 
sumers have identical probability beliefs and every investor maximizes his 
expected utility of the 2-pcriod consumption streams, c^ and ^ 2 - Private 

‘ Sec Ferguson, p. 147. It may also be noted that Ferguson’s parameterization is some¬ 
what different from the one given here. 
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borrowing and lending at the same rate is permitted, and the rate is 
denoted by Rf. 

Using a similar notation as in Fama (1971), optimal behavior for an 
investor can be represented by max EU{c^, Cj) = max F[c,, rf'x + 
+ «^(*)]> 'Where 

n 

Cj = (it-j - c,)(I + * e E”, 

and 

n+ I 

2 *7 = •; 

the decision variables x^, . . ., + , represent the relative portfolio weights. 
The wealth not consumed in the first period, tcj — Cj, is invested and the 
rate of return is given by a two-parameter distribution with mean 
x'S + x^^yRf and dispersion parameter (t(x). It is further assumed that 
F(or U) satisfies mild regularity conditions to the extent that it is concave 
and differentiable in the relevant arguments. 

Differentiating V with respect to the weights atj, . . . , + , yields the 

optimality conditions 


^2(5, + Vjcr,{x) = X, 1 = 1,.. ., n 
V^R; = A, 

where Fj s dV{. ,y, .)/(?)>, Fj = (5F(.,. ,y)ldy, and a,{x) = 5tr(x)/5x(, 
and X is the Lagrangian multiplier. A further reduction of the above gives 


^1 - Rf ^ gi(x) 

- Rf CTy(x) ’ 


( 2 ) 


The function a{x) is homogeneous of degree 1, and this entails that (T,(x) 
is homogeneous of degree 0;^ that is, <T,(ax) = cri(x). Consequently, the 
optimal allocation vector is generated by k{V, tt;i)x*, where x* is the 
vector that satisfies (2) subject to 


rt 

E 

; = I 


= 1 . 


* The proof is as follows. Let Ax = (0, ., 0, Axi, 0,,.., 0)'and ffj(x) s da{x)ldxt; 

then 

af{kx) = lim [<r(^x 4- Ax) — <T(Ax)]/Ajf, 

= lim A:[a(x T A:"‘Ax) — a{x)]lk{k~^^t) 

Sxt-*0 

= lim |a(x + A"'Ax) — (t(x)]/(A"'Aa:j) 





862 


JOURNAL OF POLITICAL ECONOMY 


The usual type of portfolio-separation result can be seen producing 
identical optimal mixes in the risky assets for all investors in the economy. ^ 
The V and represent circumstances unique to the investor and can be 
dismissed. 

The equilibrium relationship relating risk to expected return is now 
easily derived. Using Euler’s theorem, one has 

n 

since <t(x) is homogeneous of degree 1. In particular, putting x = x’" and 
applying Euler’s theorem to expression (2), one gets 


23 xfiS, - Rf) = 23 x*cy,{x*) 


Sj - 

Write 

E ■<<’>. s 

1-= i 

and tlie last expression simplifies to 




^ L <^(**) 


g(x*) 

aj(x*) 


( 3 ) 


I'i.xprcssion (3) corresponds to Eama’s equation 31 (1971, p. 46); the 
derivations here are simpler and more general; otherwise no difference is 
present. Equation (3) can also be written as 


1 pM - 

a (Ixj 


( 4 ) 


and for a == 2 this is clearly the Sharpe-Lintner-Mossin capital asset 
pricing model. 

The above analysis has been stated in terms of returns rather than a 
vector of time 1 asset prices and a vector of time 2 random gross payoffs. 
To change the analysis to the latter type of setting is not difficult. It leads 
one then to the valuation equations 34 and 35 in Fama’s paper. 


IV 

Certain final comments arc now appropriate. First, it may seem that 
formal derivations should be applicable even if a ^ 1. This is not quite 
true, however. Now it is not possible to formulate a well-behaved expected 
utility problem: a :£ 1 implies E'^XjUj is not finite and, for such 

^ This is the type of separation originally developed by Tobin (1958); he derived the 
results for the case in which returns are normal. 
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symmetric distributions, one cannot use a utility function which is 
concave in second-period consumption (cj). Expected utility is no longer 
finite if Xj ^ 0 for at least one j(j = 1 . 

Second, it should also be stressed that multivariate symmetric dis¬ 
tributions need not be represented or constructed by the markct-factor(s) 
models which Fama uses in his formal analysis.* For example, it may be 
shown that if fT(t) in (1) equals ff(t)* = [(t'^jt)*'''^ -I- 
then this represents a multivariate symmetric stable distribution if 
0 < 13(2 ^ 1 and 0 < a, < 2; A^ and A 2 are any two positive semidefinite 
symmetric matrices, and the characteristic exponent is equal to «iOC 2 -^ 

Finally, one might conjecture that (3) should hold as a general equi¬ 
librium condition for all two-parameter multivariate stable distributions 
which can be combined with concave utilities. That is, the assumption of 
symmetry has no particular significance in the analysis. This would be 
true in all cases but for the special one of a = 1. Nevertheless, the formal 
analysis will change little. In the above-mentioned Ferguson paper, he 
demonstrates how (1) is modified to represent all multivariate stable 
distributions. Most important, it is still true that portfolio returns (or 
positive linear transformations of ft) have {a) a location parameter given 
by X 8iX), and (b) a dispersion parameter with the same homogeneity 
property as described by expression (Ibi. Therefore, all of the formal 
two-parameter analyses will remain unchanged. When a well-behaved 
maximization problem can be specified, the optimality condition con¬ 
tinues to be given by (2), and the second-order conditions are automatic¬ 
ally satisfied because it is a.ssumed that K is concave in the portfolio 
allocation vector. Quite simply, the reader can verify directly that all of 
the Fama analysis will carry through even if it is assumed that the com¬ 
ponents of the market-factor model arc comprised of stable variates with 
identical nonzero skewness parameters. Naturally, any geometrical 
analysis may change slightly when one can no longer presume that the 
dispersion parameter is a “bad good” (which is the case whenever the 
returns arc symmetric). In conclusion, the two-parameter equilibrium 
model in stable markets derived by Fama has great generality. Since the 
analysis depends entirely on properties of homogeneous functions, assump¬ 
tions can be relaxed completely without introducing any mathematical 
complications. 
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On the Shadow Pricing of Traded 
Commodities 


Peter G. Warr 

Monash University, Melbourne 


This paper extends the case for shadow pricing traded commodities at 
their relative international prices in benefit-cost analysis. This result is 
shown to hold {a) when there are nontraded commodities whose 
(possibly distorted) prices are indirectly affected by public production 
of traded commodities, and (b) when there is a government budgetary 
constraint. Contrary to arguments found in the literature, neither of 
these cases in itself provides an argument for shadow pricing traded 
commodities at values other than their relative international prices. 


Several studies have recently attempted to provide guidelines and general 
principles for the calculation of shadow prices for benefit-cost analysis, 
the most important being Little and Mirrlces (1969, 1974) and Dasgupta, 
Marglin, and Sen (1972). These studies typically recommend that 
benefit-cost analysts value traded commodities relative to one another at 
their respective international prices, even though there are distortionary 
tariffs and other taxes present in the domestic markets for these and other 
commodities. Since these studies are addressed primarily to practitioners 
of benefit-cost analysis, however, they are understandably deficient in 
their specification of the economic model underlying the advocated 
shadow pricing rules. This has led to confusion about the analytical basis 
of shadow pricing and criticism of the shadow pricing procedures 
recommended. 

It is well known that the “first-best” optimal pricing rule for traded 
commodities is that all producers in the economy set their marginal rates 
of transformation between these commodities at their relative intcr- 

This paper has benefited from the comments of Partha Dasgupta, George Feiger, and 
an anonymous referee. The research was supported by a grant from USAID to the 
Economic Development Center of the University of Minnesota. The author is responsible 
for all views and any errors it contains. 
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national prices. But the existence of fixed, distortionary tariffs and other 
taxes on these commodities means that some of the necessary conditions 
for a first-best optimum will not be met, namely, those relating to private 
firms. If project evaluators must take the existence of these taxes as given, 
then the distortions concerned must be considered as constraints for the 
shadow pricing exercise they perform. Shadow pricing must therefore be 
viewed as an exercise in the economics of the second-best. The question 
now is; Are international prices indeed the correct second-best shadow 
prices for the relative valuation of traded commodities? This has been 
denied by several authors, including Rudra (1972) and Weekstein (1972). 

Weckstcin criticizes the valuation of traded commodities at their 
relative international prices on the grounds that these are “optimal 
prices” and are therefore “irrelevant to an economy that does not in fact 
achieve an optimal allocation of resources” (p. 479). He argues that 
“when a price rule is to be applied partially, the objective should be to 
find prices that signal an optimal accommodation to a given non-optimal 
structure of prices and allocations—a ‘second-best’ criterion” (p. 478). 
The correct second-best shadow prices, Weekstein implies, would take 
account of the indirect effects of public production of traded commodities 
on the market prices of nontraded commodities, although it is the case 
that if there were no nontraded commodities the shadow pricing of traded 
commodities at their relative international prices would be appropriate. 
Weekstein recommends that, in practice, traded commodities be valued 
at their relative domestic market prices, even though these are known to 
be distorted by tariffs. 

An analysis based on a more fully specified model was recently pre¬ 
sented by Dasgupta and Stiglitz (1974), who recommend the following 
shadow pricing rules: ff,, “The shadow price of a tradeable commodity 
is its international price unless . . . there is a government budgetary con¬ 
straint ...” and R^, “When there is a government budgetary constraint, 
the shadow price of a tradeable lies between the world price and its 
domestic price” (p. 30). They claim that these results hold even when 
there are fixed, nonoptimally chosen tariffs and other taxes (p. 30), but 
unfortunately the Dasgupta-Stiglitz analysis of this case assumes that all 
commodities are traded.* The applicability of the result is thus limited by 
this assumption. A subsequent paper by Boadway (1975) analyzes this 
problem in a model which contains nontraded commodities, but the 
analysis is limited first by the failure to consider distortions in the private 
sector explicitly as constraints on the public sector’s shadow pricing 
exercise, and second by the assumption that public production of traded 
commodities has no indirect effects on the prices of nontraded com- 


* This analysis is found in section 5.1 of Dasgupta and Stiglitz (1974). Rules Ri and 
Rj are rules 2 and 3, respectively, of Dasgupta and Stiglitz. 
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modities. Consequently, neither the Dasgupta-Stiglitz nor the Boadway 
analysis adequately answers Weckstein’s objections. 

Section I of this paper presents a simple model for the analysis of the 
above issues. In Section II we show that the existence of nontraded 
commodities whose (possibly distorted) prices may indirectly be affected 
by the public production of traded commodities does not change the 
result that traded commodities should be valued at their relative inter¬ 
national prices. This provides an important extension of rule /fj of 
Dasgupta and Stiglitz. Section III shows that rule of Dasgupta and 
Stlglitz is misleading and based on special unstated assumptions. We 
show that, except in a special case, traded commodities should be valued 
at their relative international prices irrespective of whether there is a 
government budgetary constraint.^ 

I. The Model 

We consider an economy in which there is a single consumer and two 
producers, one “public” and the other “private.” The private firm 
maximizes profits at domestic market prices, and the public project 
maximizes shadow-profit using the shadow prices given it by a planner. 
Our concern is with the optimal determination of these shadow prices. 
The consumer possesses a quasi-concave utility function U (c) where 
c = (f,, fj,..., Cj) is his net consumption vector. The private firm has 
the concave implicit production function F{y) = 0 where y = 
(_>>,,^ 2 , . . . ,_>!*) is the firm’s net production vector. The public project’s 
concave implicit production function is written G{x) =0 where x = 
(x,, . . . , ATj) is the project’s net production vector. Note that the consumer’s 
utility function and both production functions are defined on the same 
set of commodities; T is the set of traded commodities, and N is the set of 
nontraded commodities. 

The trade balance constraint for this economy is written 

+7,-0 ^0 (1) 

leT 

where r, is the international price for traded commodity /, and the 
commodity balance constraint is written 

x„ +y„ - c„^ 0, all ne N. (2) 


^ It is important to realize that the Dasgupta-Stiglitz propositions above, and the 
results of this paper, relate to the relative shadow prices of traded commodities, since a 
traded commodity is chosen as numeraire. Onisequently, the reader should not interpret 
Dasgupta-Stiglitz, Boadway, or the present paper to have shown that the shadow price 
of foreign exchange is necessarily equal to the prevailing market rate. In the presence of 
distortionary taxes 4^1 will typically not be the case. 
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The first-best optimization problem is now max //(r) subject to (1), (2), 
F{y) = 0. and G{x) — 0. We formulate the Lagrangian 

[* = U{c] -t- >l[22 +J,- ^/)] 

L leT J 

+ 51 + y„ - c„) + nG{x) + yF{y) (3) 

ncS 

where /, p„, ji, and y are Lagrangian multipliers. The necessary conditions 
for a first-best optimum are well known. Using commodity 1 (a traded 
commodity) as numeraire and confining ourselves to interior solutions, we 
have, for traded commodities / and 1, G*jG* = F*jF* = U*jV* = 
fflri, /, 1 6 T, and for the nontraded commodity n, G*jG* = F*jF* — 
n e N, where * denotes evaluation of the quantity 
concerned at this first-best optimum. 


II. “Second-best” Shadow Prices for Traded Commodities 


Wc now introduce distortions in domestic market prices as follows. Let 
the ruling domestic market prices be denoted p°, p 2 , ■ ■ •, p\- We assume 
that any distortions in these prices are due to fixed, nonoptimal tariffs 
and other taxes and that, from the point of view of the planner concerned, 
these must be taken as given and fixed.* Then profit maximization of the 
jirivatt? firm gives, in the case of traded commodities, 





(4) 


and in the case of nontraded commodities'* 





(5) 


Obviously, p^lp" = r,lr^ and p^Jp" = U*jU* when there are no dis¬ 
tortionary tarifls or other taxes in the markets concerned and differ from 
these values otherwise. We now reformulate the basic Lagrangian 
equation (3) to incorpwralc these di.stortions as constraints: 


L** = U{c) + Aj'^ T,{x, + y, - f,)j 

+ 5Z +yn - O + pG{x) + yF(y) (6) 

neN 

+ E - F,IF0, 


^ The first of these assumptions is made throughout Dasgupta and Stiglitz (1974), 
while the second corresponds to their section 5. 

*' Note that the private firm behaves as a perfect competitor, treating market prices 
parametrically. Note also that wc confine ourselves to interior solutions, as wc do through¬ 
out this paper. 
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where a, is a Lagrangian multiplier and a/ = 0 when p°lp° does not 
differ from its optimal value. 

Wc now differentiate (6) with respect to x, and a, as before to obtain 
the rate of transformation between traded commodities in the public 
project at the second-best optimum (indicated by **), 

gr ^ + s, ^r^{p°ip°)i3xr 

or A*‘r, + o^rs{pfiP°,)iexr' 

The question now is: Does equation (7) reduce, under our assumptions, 
to Gr/cr = r,/r,? 

Consider the summation terms appearing in the numerator and de¬ 
nominator. These expressions involve the effects of public production on 
relative producer prices. Since we assume that international prices are 
given, and that all distortions are due to nonoptimal tariffs and other 
taxes, the relative producer prices of traded commodities can be affected 
by public production only if tariff levels are affected. These effects are 
ruled out by the assumption that taxes are fixed,* so for all i e T the 
terms in the summation expressions concerned are zero. Now consider the 
terms S(p°jp°)l8xf* (where w e i, I e T). We note that in this model 
public production (use) of traded commodities can affect the producer 
prices of nontraded commodities relative to traded commodities in only 
two ways: first, it could affect the levels of taxes on those commodities; 
second, it could affect these relative prices via the general equilibrium 
effects of its contributions to (depletion of) foreign exchange earnings. 
The first effect is ruled out, so we now consider the second. 

If we define to be the net contribution of public production to total 
foreign exchange earnings, then 




(8) 


teT 


and it follows that 




_ d(p^lp^,) d/r dip^jp^,) ^ 

0) 

dx** 

d/r dxr d/r ■■ 

This implies that 

diP°JP°t)ldxr . r, 

3(P°lP°,)ldxr r, ’ 

(10) 


and equation (7) reduces immediately to 0**10** = rjr^. Thus, when 
all market distortions are due to nonoptimal taxes, and the levels of these 
taxes are unaffected by public production of traded commodities, relative 


* See section 6 of Dasgupca and Stiglitz (1974) and Sen (1972) for discussions of this 
issue. ^ 
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international prices are still the correct shadow prices for traded com¬ 
modities in the public sector. This result holds despite the fact that private 
sector producers face nonoptimal (tax-distorted) prices both for these 
commodities and for nontraded commodities and despite the fact that the 
prices of nontraded commodities may indirectly be affected by public 
production of traded commodities. 


III. The Implications of a Government Budgetary Constraint 

Suppose there is a government budgetary constraint, meaning, as 
Uasgupta and Stiglitz put it, “a constraint on the government budget 
deficit in any given year” (p. 28). We now consider its implications for 
public projects. When a public project buys or sells a commodity it affects 
the government’s budgetary deficit in two ways: (I) through the financial 
balance sheet of public projects, and (2) through the generation of tax 
revenues. For example, suppose a projeet buys a tractor (a traded com¬ 
modity) on the domestic market from an import agent. The effect of this 
on the government’s budget deficit is the domestic price paid minus the 
eflect of the transaction on tax revenues—the tariff and any sales tax. 
The latter items constitute both an expenditure and a receipt for the 
public sector as a whole; at most these taxes are simply an intragovern- 
mental transfer of funds, and their payment by projects has no effect on 
the size of tlic government’s budgetary deficit. In formulating the bud¬ 
getary constraint actually facing public sector production we can make 
either of two assumptions; the effects of project activity on the 
generation of tax revenues are recognized; or dj, these effects are ignored. 
Under .4, the budget constraint would be formulated ^ b, where 

p° Is the vector of domestic prices net of the effects that public use (pro¬ 
duction) of the various commodities has on the generation of tax revenues. 
In the case of nontraded commodities this involves the general equilibrium 
effects of public sales or purchases of those commodities, but in the case 
of traded commodities the matter is more straightforward. Since it has 
been assumed that the only distortions in the economy arc those due to 
tax policy it must be true that, for traded commodities I and 1, p°l^° = 
r,/r,, the ratio of their international prices. 

Case A 2 implies that the budgetary constraint would be formulated 
p° ■ X ^ b, where is simply the vector of domestic prices actually paid 
and received by public projects.* Since this is the formulation that 
Dasgupta and Stiglitz employ, it seems that zlj is what they have in 
mind, although this assumption is not made explicit by them. In practical 
circumstances, this myopic kind of budgetary constraint may frequently 

‘ We assume, of course, that public projects actually pay the taxes and tariffs levied on 
the commodities concerned. Otherwise the results of this section follow trivially. 
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be the kind actually faced by public projects, but this is not really “a 
constraint on the government budget deficit,” as Dasgupta and Stiglitz 
state. It is a constraint on the financial deficit of public projects 
expressed in domestic market prices, and this constraint may exist with or 
without the presence of a government budgetary constraint. The two are 
quite distinct. 

Now consider the implications of .,4,. We denote the dual variable 
associated with the constraint corresponding to A^ by <5, append this new 
constraint to our basic Lagrangian (eq. ffi]) and derive the first-order 
conditions for optimal public production of the tradeables t and 1 at 
this new “third-best” optimum. Again confining ourselves to an interior 
solution, this gives 

or*... + s, ar*s(p?ip°)isxr* + .u. 

G*** + ■£,af**d{pflp°)ldx*** + 8***^° 

where *** denotes evaluation of the quantity concerned at this “third- 
best” optimum. Now, from the analysis of the previous section and our 
knowledge that = r,jriy equation (11) reduces immediately to 

Gr*iGr* = gk - 

Thus, in this case', the optimal shadow prices of traded commodities are 
their relative international prices, irrespective of whether there is a 
government budgetary constraint or not. Rule /?2 of Dasgupta and Stiglitz 
is therefore misleading. The existence of a government budgetary con¬ 
straint is not a sufficient reason for setting the shadow prices of traded 
commodities at values other than their relative international prices. 
Two corrected versions of are that the relative shadow prices of traded 
commodities lie between their relative world and domestic prices; ffj, 
when there is a financial budgetary constraint on public projects expressed 
in domestic market prices; or R 2 , when there is a government budgetary 
constraint, and the domestic prices of those goods are distorted for reasons 
other than government tax jx)iicy (e.g., import quotas, or monopoly 
pwwer exercised by import agents with exclusive import licences). 


rV. Summary and Conclusions 

This paper extends the case for shadow pricing traded commodities at 
their relative international prices in benefit-cost analysis. Assuming that 
any distortions in domestic market prices arc due to nonoptimal tariffs 
and other taxes, and that project evaluators must take these distortions as 
given and fixed, we show that the correct shadow prices for traded com¬ 
modities are their relative international prices ( 0 ) when there are non- 
traded commodities whose distorted prices are indirectly affected by 
public production of traded commodities, and (6) when there is a govern¬ 
ment budgetary Constraint. Contrary to arguments found in the literature. 
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neither of these cases in itself provides an argument for shadow pricing 
traded commodities at values other than their relative international prices. 
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Miscellany 


An Example of a Trading Economy with 
Three Competitive Equilibria 


This brief note is presented merely as a convenience for those who wish 
to see what an actual numerical example of a smooth trading economy 
with multiple equilibria looks like when depicted in an Edgeworth box 
diagram. We present a two-trader two-commodity economy in terms of a 
fanciful exchange between two kinds of money. The example is robust, in 
that its qualitative features would survive small perturbations in the data. 

The. tourists .—Ivan has R 40 in his pocket and wants some dollars; 
John has $50 to spare and would be happy to exchange some of it for 
rubles. Their utility functions (* = rubles,^ = dollars) are 

\u'{x,y) = X -t- 100(1 — (Ivan, in rubles) 

\u^{x,y) = _> -f 110(1 — (John, in dollars). 

f<Jote that these functions are not only concave and smooth (C”) but 
additively separable, with one good entering linearly in each. It is well 
known (but virtually ignored in many textbook treatments of com{>ctitive 
uniqueness) * that the competitive equilibrium is unique if the same good 
is linear and separable in all utility functions, provided only that this 
good is in sufficient supply and the preference sets are smooth (C‘) and 
strictly convex, as they are here. The present example shows that this 
“transferable utility” or “welfare maximization” approach to uniqueness 
does not allow even a modest tinkering with the hypotheses. 

In figure 1 the indifference curves are indicated by the broken lines. 
The locus of points of tangency is the straight line given by 

^ = X -I- 50 - 10 log 110 = X -I- 2.995. (2) 

Work supported by NSF grant SOC7I-03779 A02 and ONR contract N00014-76-C- 
0085, respectively. 

* See, e.g.. Arrow and Hahn 1971, chap. 9. 
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John Ruble! 


Fig. 1. —Three competitive equilibria 

Edgeworth’s “contract curve” C*C^ runs along this line and a short piece 
of the boundary. The conditions for a competitive allocation reduce by 
elementary calculus to the following transcendental equation; 

a:(l + llr-*'*®) = 10 log 110, (3) 

which has three roots in the region of interest. These lead to the three 
solutions indicated by IV, IV', W" in figure 1 and given numerically in 
table 1. Their relation to the two rcsjxinse curves (solid lines) is also 
shown in figure 1.^ 

^ To illustrate the definition of "response curve," suppose the price ray IS is given 
exogenously. Then Ivan’s best trade is Af*, John’s Af*. 
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TABLE I 

Numerical Data for Figure 1 



Allocation 

Exchange 

Utility 



(To John) • 

Ratio 

Payoffs 





(Dollars: 





Rubles 

L)oliars 

Rubles) 

Ivan 

John 


I . 

0.00 

50.00 


40.00 

50.00 

Initial point 

C' .... 

40.00 

44.89 

(0.20:1 (m) 
(0.13:1 (a) 

40.00 

152.88 1 


c» .... 

4.83 

7.83 

(6.79:1 (m) 
(8.73:1 (a) 

133.69 

50.00 1 

Endpoints of core 

w . 

7.74 

10.74 

5.07:1 

130.29 

70.01 1 


W‘ .... 

26.83 

29.82 

0.75:1 

99.88 

132.30 f 

Competitive solutions 

W" .... 

36.78 

39.77 

0.28:1 

67.27 

146.99 I 

V .... 

23.00 

25.99 

(1.10:1 (m) 

\l.04:l (a) 

107.94 

124.96 

Game value 


Note —-(m) = marginal, (a) sa average. 
• For Ivan, subtract from (40. 50) 


If we take a contract point between tV and fV', the direction of com¬ 
mon tangency (dot-dash line) passes above the initial point /; if we take 
one between PV’ and PV", it passes below I. This means that the equi¬ 
librium prices associated with fk" arc dynamically unstable, in the sense 
that raising the price of either good would create a positive excess demand 
for that good. This in turn (in a suitable dynamic model) would tend to 
drive that price up still further. The two other solutions, PP^ and IV”, are 
dynamically stable (sec Gale’s article [1963], where another simple 
example of nonuniqueness will be found). 

In table 1 we have also indicated the core and value solutions of the 
trading game in order to suggest outcomes alternative to those of the 
competitive equilibrium (sec e.g., Shapley and Shubik 1969). 

L. S. Shapley 

RAND Corporation 

M. Shubik 

Yale University 
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In the February 1975 issue of the Journal of Political Economy we published 
a paper by Dr. Okonkwo A. Nwani on “The Quantity Theory in the 
Early Monetary System of West Africa with Particular Emphasis on 
Nigeria, 1850 1895,” ThLs paper made extensive use of two articles by 
Marion Johnson, but that use was neither adequately documented nor 
accurate in its reading. We apologize to Mrs. Johnson and request our 
readers who are interested in the subject to read her articles, “The Cowrie 
Currencies of West Africa,” Journal of African History 11, nos. 1 and 3 
(1970): 17-49, 331-53. 
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Foreign Frade Regimes and Economic Development: India. By Jacdish N, Bhagwati 
and T. N. Skinivasan. A Special Conference Series on Foreign Trade Regimes 
and Economic Development, vol. 6. 

New York: National Bureau of Economic Research (distributed by Columbia 
University Press), 1975. Pp. 261. $15.(X) (cloth); $5.00 (paper). 


The National Bureau of Economic Research, with the hnancial support of the 
Agency for International Development, has sponsored an ambitious research 
project on the trade regimes of developing countries, including Brazil, Chile, 
Colombia, Egypt, Ghana, India, Israel, Philippines, South Korea, and Turkey. 
The book under review by Bhagwati and .Srinivasan is the sixth volume in the 
country studies. 

A similar exercise was performed under the auspices of the OECD some years 
ago. The study on India, entitled India: Planning for Industrialization, was done by 
Bhagwati and Padma Desai, and the book under review by Bhagwati and 
Srinivasan freely draws on the earlier volume and may be regarded as its sequel. 

This study consists of fout parts. The first part presents an overview of the 
economic developments in India from 1950 to 1970, From 1951 to 1966 there were 
three successive 5-year plans; a fourth was launched in 1969. Based on a Harrod- 
Domar framework, the First Plan (1951-56) attempted to build the infrastructure 
necessary for growth and to raise the domestic saving rate of the economy. The 
Second Plan, inspired by the Feldman-Mahalanobis model, was bolder in scope 
and conception and attempted to influence the pattern of investment and not 
merely its volume. It created a base of capital-goods industries largely under the 
direction of the public sector to enable the private sector to produce domestically 
the consumer goods that were demanded in the economy. The fundamental 
structural changes required by import substitution inevitably led to imbalances of 
various kinds resulting in public control over domestic production and foreign 
trade. This took two main forms: (I) industrial targeting and licensing and (2) 
exchange control and licensing of imports. Provoked by a serious balance-of- 
payments crisis in early 1957, a regime of quantitative restrictions (QR) on 
international transactions was imposed and continued in an intensified form up 
to 1962. 

From 1962 to 1966 significant steps were taken to soften or modify the impact 
of this regime—export subsidization was started in 1962 and was intensified 
during the period on a wide range of goods, and the government deployed import 
duties to offset the undue advantage that an overvalued exchange rate conferred 
on the importer. These moves culminated in the 1966 devaluation and the import 
liberalization measures such as reduction of import duties and elimination of 
export subsidies that accompanied it. In the period 1966-68 the liberalization 
experiment ran into some heavy weather, and during 1968-70 there was a return 
to the QR regimC^hat existed prior to the devaluation of 1966. 
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During the period 1950-60 price increases were remarkably moderate, averag¬ 
ing about 3 percent per year. The Sino-Indian border war of 1962, the Indo- 
Pakistan war of 1965, the droughts of 1965-66 and 1966-67, and the war with 
Pakistan in 1971 that led to the creation of Bangladesh were major exogenous 
shocks to the Indian economy that adversely affected both the growth rate and the 
stability of prices that prevailed earlier. During the 2 years preceding the Declara¬ 
tion of Emergency in June 1975 the consumer price index was increasing at an 
annual rate in excess of 20 percent. 

In part 2, the authors make a detailed analysis of the exchange control regime 
that existed in India during the period 1956-66 and attempt to determine its 
economic effects. They marshall a formidable list of arguments against the policy 
of industrial licensing and import control and lay much of the blame on the inward¬ 
looking bias of the Indian planning strategy. This is followed by an examination 
of export policy and performance during this period, and the conclusion is reached 
that export promotion policies were inefficiently designed and implemented. 

The “liberalization episode'* of 1966—68 is considered in part 3, and the con¬ 
clusion reached that the adverse changes in the price level, production, and 
investment were not due to the June 1966 devaluation and other liberalization 
policies but were largely due to forces that emanated from the droughts of 1965—66 
and 1966-67. J'he authors also challenge the view widely held by large developing 
countries that the price inelasticity of export supply and/or demand makes 
devaluation disadvantageous to their interests. They draw the lesson from the 
Indian experience that the timing of a devaluation cum liberalization is of decisive 
importance and that it should come just after a good harvest, so that a “smart 
policy-maker could use the improvement in export performance thanks to a good 
harvest to advantage by crediting the devaluation with this success’’! 

This is perhaps the best section in the whole book. Eschewing a doctrinaire 
stand, the authors by means of empirical and logical reasoning present a balanced 
and convincing assessment of the “liberalization episode.” The devaluation of 
June 1966 was accompanied by a substantial elimination of export subsidies and 
reduction of import duties in the hope that it would be a more efficient substitute 
for these measures. In any analysis of its effects, therefore, the distinction between 
gross and net devaluation assumes significance. The total liberalization package 
could be expected to have only a negligible impact on the export of traditional 
exports and no more than a mildly expansionary impact on nontraditional exports. 
Its cirectivencss could also be reflected in a decline in uneconomic exports. 
Unfortunately, such sophisticated understanding was lacking, and events ex¬ 
ogenous to the liberalization package further undermined its beneficial impact. 
The fact that devaluation was undertaken in response to “aid blackmail” by 
Western donors also contributed to its political unpopularity. By 1969-70 most 
of the liberalization measures had been abandoned, export subsidies were rein¬ 
stated, and the QR regime was firmly in the saddle. In this sense, the authors 
concede that the liberalization episode had failed. But they arc able to demon¬ 
strate that factors external to the liberalization package were responsible for this 
failure. Therefore, their conclusion that the improvement of India’s export per¬ 
formance requires the deployment of the tools of exchange-rate policy and a more 
efficient and less wasteful form of domestic protection seems to be logically 
unassailable. 

It is when they pass from static efficiency effects to growth effects of foreign 
trade in part 4 that their empirical evidence and logical argument become less 
convincing and more open to question. With admirable scholarly candor they 
make explicit the limitations of the methodology they employ, as when using the 
Eckaus-Parikh model, and generally show an awareness that most of the engines 
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of analysis they employ in this section are capable of reaching only mildly sug¬ 
gestive conclusions. 

Throughout the book an unresolved ambivalence seems to hover around what 
the authors wish to accomplish. By and large, the earlier sections draw attention 
to the wastes and inefficiencies in India’s foreign trade regime and persuasively 
argue the case for the discipline of the market through such measures as trade 
liberalization, selective delicensing, and, when necessary, exchange-rate adjust¬ 
ment. These are policy instruments of singular potency, and their judicious use 
can greatly improve India’s economic performance and trade. To have given a 
convincing demonstration of the urgent need for such a reform in India is in 
itself a worthy accomplishment. But it becomes evident in part 4 that the authors 
are after bigger game. There the shafts are aimed not only at the policy instru¬ 
ments, but at the whole strategy of development through import substitution. 
This effort has not been as successful. Whatever may be the merits of export-led 
development strategy for small territories like Hong Kong, Taiwan, and South 
Korea, for a country of continental dimensions like India, the import-substitution 
strategy may be the only realistic choice. 

The challenge facing the Indian planner is to implement this strategy with the 
help of policy instruments that reduce waste and increase efficiency. Unimagina¬ 
tive and cumbersome controls and bureaucratic rigidities and corruption are as 
damaging to “learning by doing” as total absence of protection. In devising an 
efficient and less wasteful form of protection and in improving the general per¬ 
formance of the economy the market mechanism can be a powerful aid. But the 
sheer size of the economy and the fact that exports account for less than 5 percent 
of her national income preclude reliance on export-led growth in the Indian case. 
Many of the problems that bedevil the Indian economy, including those related 
to foreign trade, are due to India’s failure to carry out the fundamental and far- 
reaching reforms in her domestic economy necessary to bring about sustained 
increase in production and restore balance in her savings-investment account 
through increased domestic resource mobilization. Not only is it unrealistic to 
expect the international trade tail to wag the domestic economy dog in the 
Indian case, but a shift to an export-led growth strategy is also incompatible with 
other goals of Indian planning, such as self-reliance. 

To dispute the conclusions of the book, however, is not to question the subtlety 
and rigor of its analysis. As is only to be expected when two eminent scholars 
join forces, the resultant product contains much that is interesting, stimulating, 
and valuable. Both the policymaker and the development economist have much 
to learn from it. 

Koii-pillai J. Charles 

Lakehead University 


American Farm Policy, J948-1973. By Willard W. Cochrane and Mary E. Ryan. 
Minneapolis: University of Minnesota Press, 1976. Pp. 431. $18.50. 

Cochrane and Ryan have undoubtedly put together the most complete available 
chronology of farm commodity programs during the piostwar years. 

Credentials of the authors are impressive. Willard Cochrane is professor of 
agriculture and applied economics at the University of Minnesota and is the author 
of a number of books, including Farm Prices: Myth and Reality, and The City Man’s 
Guide to the Farm Pffblem. He achieved his greatest prominence as the architect of 
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farm commodity policy during the Kennedy-Freeman years of the early 1960s. 
Mary E. Ryan is a research fellow in agricultural and applied economics at the 
University of Minnesota and has written on other agricultural subjects. Financial 
support for the project was provided by the Agricultural Experiment Station of the 
University of Minnesota. 

The authors indicate that the book is basically a reference, which it is. There is 
thorough and accurate compilation of legislative actions and administrative 
decisions taken during the 25-year time span under examination. But there are 
also interpretations drawn from the experience cited. 

The farm commodity programs under review in this book arc the price supports, 
nonrecourse loans, acreage controls, marketing quotas, government payments, 
stock accumulation, and surplus disposal that characterized the quarter-century 
under review. 

I'he book is divided into three parts. Part 1, which consists of four chapters, 
presents the background and setting. Part 2, also four chapters in length, is the 
heart of the book. It contains all anyone is likely to want regarding the detailed 
operation of farm commodity programs. This material is presented fully and 
fairly. Part 3, the briefest section, offers two chapters addressed to consequences 
and appraisal. 

Since part 3 will be of greatest interest to most readers, this review will be 
concentrated thereon. 

The authors select five categories within which to examine the consequences of 
the program. 

1. Farm prices and incomes. The authors conclude that farm prices and farm 
income were higher from 19.52 to 1972, as a result of the operation of government 
programs, than they would have been in the absence of these programs. How 
much higher they find it impossible to say. 

2. Distribution of producer incomes and wealth. Farm programs were adopted 
to help the commercial farmers, who had something to sell. The authors state 
that protagonists of farm programs may have misrepresented commodity pro¬ 
grams as being necessary to help small-scale farmers. 

3. Resource allocation, efficiency, and output. The writers say that 5—10 
percent more resources were committed to agriculture during this period than 
were in fact needed. Programs of price support, direct payments, production 
control, surplus disposal, and stock accumulation “did not, we argue, create the 
excess capacity, or resource allocation problem; it came about in response to the 
resource allocation problem.” They say that no effort was made to reallocate 
these resources to some other use. They recognize that the price and income 
insurance provided by the programs led to a rapid advance in farm technology: 
"The farm policy compromise in conjunction with rapid and widespread tech¬ 
nology advance, operating in the context of an atomistically competitive industry, 
produced the important result—chronic food abundance.” 

4. Foreign trade. The writers conclude that adoption of a free-trade policy 
throughout the noncommunist world would have had a moderate but noticeable 
effect on the location of agricultural production, would have increased rather 
importantly trade in agricultural products involving the United States, and would 
have increased the real incomes of consumers in the United States by some 
modest amount. They conclude that with the widespread interference with 
markets for farm products no one country could significantly expand its trade 
through the unilateral adoption of free-trade policies. 

5. Consumer welfare. “The price of food to consumers in the United States 
would, without question, have declined in almost any given year from 1948 to 
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1965 if the farm and income support program had been eliminated for that 
year.” 

Missing from this list of categories is an estimate of the cost to the treasury of 
these massive programs. Also missing is awareness of the loss, on the part of farm 
people, of decision-making prerogatives which occurs when pricing and production 
policies are determined by government. The tendency in this book is to treat 
decision making as neutral, having no utility of its own, being willingly surrendered 
to government if an extra dollar could be obtained thereby. The evidence is 
contrary to that assumption. 

Cochrane and Ryan distill from their examination these 10 principles to guide 
future farm policy architects: (1) The programs must be highly Bexible. (2) Farm 
commodity prices should be stabilized at, near, or approaching the world level. 
(3) A major reserve stock program is essential. (4) A reserve stock program needs 
(a) an export policy to monitor and regulate the flow of commodities from the 
United States and (A) a supply management policy. (5) Programs of supply 
management should move in the direction of negotiable marketing quotas. 
(G) Income assistance should be in the form of direct payments. (7) Domestic 
food-assistance programs should be based on needs of the consumers. (8) Foreign 
food aid should cease to be a residual claimant on U.S. food production; it should 
be based in large part on need. (9) Attention should be given to assisting hired 
farm workers and low-production farmers. (10) Supply management policies 
should be symmetrical, so that if a prolonged period of short food supplies should 
arise production could be stimulated. 

Those who know Willard Cochrane well will note in this book strands of his 
long-held views favoring government intervention in the pricing and production 
of farm products. They will recognize also some modification of these views. 

The book deals primarily with the old farm policy agenda—commodity 
programs. It does not deal in any depth with new farm policy subjects—environ¬ 
mental issues, natural resource use, rural development, international agricultural 
matters, and the like. To call attention to this fact is not to fault the book; it docs 
not purport to cover the entire range ofissues. I make this point only to underscore 
the fact that farm policy issues of the future will not be limited to commodity 
programs. 

The book ends, really, with the Agricultural Act of 1973. At that time profound 
changes were underway, changes in supply, demand, public attitudes, and 
political power. 

The possibility that the future might differ distinctly from the past in several 
respects raises a question as to the applicability of conclusions drawn from the 
experience of the 25-year period under examination. 

In any case, we have here a good reference as to what actually happened in the 
past. The authors provide us with their interpretation of these events; other 
students are free to supply their own. 

The book would be a useful reference for a course in agricultural policy. It 
would be good collateral reading or a good case history for a course in govern¬ 
ment. And to anyone who has been a participant in the postwar farm policy 
battles, it would evoke happy memories or recall moments of frustration— 
perhaps both. 


Don Paarlberc 


Purdue University 



88a 


JOURNAL OF POLITICAL ECONOMY 


Oil Resources: Who Gets What How? By Kenneth W. Dam. 

Chicago; University of Chicago Press, 1976. Pp. 193. $I 1.95. 

For a number of years Kenneth Dam has been publishing original work on the 
policies of the British and Norwegian governments toward the exploitation of 
North Sea oil and natural gas. His research, mainly appearing in the Journal of 
Law and Economics, as well as embodying the degree of detachment one would 
expect from across the Atlantic is of sufficient importance that it should have 
caused some fundamental rethinking by the European civil servants and polititians 
who formulate North Sea policy. That there is little sign of any significant redirec¬ 
tion of policy is no fault of Dam: it is more an indication of the strength of self- 
interest among the bureaucracy which leads to the continued resort to admin¬ 
istrators' “discretion” rather than to the increased use of the market for which 
Dam so cogently argues. In this admirable book much of his research on North 
Sea policy which has previously appeared is integrated with further material, 
including some brief remarks on United States’s experience with competitive 
bidding for federal oil and gas leases and on company-government relationships 
in the OPEC countries, and the book is up-to-date enough to include comments 
on the first British “participation” agreement announced in February 1976. 

The core of the book is a case for allocating petroleum licenses by competitive 
bidding (auctions) rather than by administrative discretion. Petroleum resources 
are generally initially in the ownership of government and, as a consequence, some 
positive government decision is necessary on how exploitation should proceed. 
Both the British and the Norwegian governments have opted for the discretionary 
system, apart from a limited experimental auction held by the British government 
as pan of the fourth round of license allocation in 1971. Indeed, the United 
States appears to be the only major country in which the auctioning of petroleum 
licenses is common. 

Unwillingness to auction potentially valuable resources seems curious at 6rst 
sight. As Dam points out, compictitive bidding in the absence of collusion should 
lead to the state’s receiving a large part of any economic rent which accrues from 
development of the resources. In the early days of exploration and development 
of any new petroleum province, imperfect knowledge will make it difficult for 
bidders to know what value to place on the available land. However, no one 
should be looking for perfect solutions in an imperfect world, and the auction 
seems a good if rough-and-ready method of extracting rent as knowledge accumu¬ 
lates. Auctioning licenses solves the allocation problem, collects the rent, and 
should favor low-cost potential licensees who can afford to outbid competitors. 
The popular objections to auctions—for example, that they collect money which 
would have been better employed in drilling for oil—arc examined by Dam and 
all arc found wanting. There is no evidence that bonus payments for licenses detract 
from drilling programs. In fact one would have thought the reverse is more likely 
to be true, since a company with a large negative entry at the beginning of a 
project’s cash flow has a powerful incentive to prove oil or gas and bring in 
revenue rapidly, as compared with a situation in which rent is collected throughout 
the project life via the tax system. Only if governments collect substantially less 
rent through taxation than they would have received from competitive bidding 
might drilling be stimulated, but, as Dam says, it would then presumably rise 
above the optimum. In general Dam supports bonus rather than royalty bidding 
because of the discouraging effect of high royalties on the development of marginal 
fields and their tendency to cause early abandonment of fields. 

The British system of allocating licenses in the 1960s offers perhaps the most 
tangible evidence of the effects of discretionary allocation since such effects can 
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now be seen over a fairly long period. Dam analyses them in some detail. Chapter 8 
provides what, to one who was involved in the 1966-68 negotiations between the 
oil companies and the (then) Gas Council, seems a remarkably accurate account 
of the main events. The problem which faced the British government in those 
years, after some substantial natural gas discoveries in the southern British North 
Sea, was that the production licenses had in effect been given away. They were 
“licenses to print money,” to use a British phrase hallowed in another context. 
The licenses were given to companies thought worthy by the (then) Ministry of 
Power after a complex process of negotiation over work programs and other 
matters. Whether no one realized that the oil companies would be left with the 
rent or whether, as seems more likely, the officials wanted to keep close control of 
the negotiations to sell the gas Is now immaterial. The costs of not auctioning then 
began to show. 

The oil company/Gas Council discussions, though inevitably complex, might 
have proceeded fairly smoothly if the rent issue had been out of the way. As it was, 
however, there was continual interference from the Ministry of Power—which 
was alarmed, in a way only civil servants working for a Labor minister can be, at 
the prospect of the oil companies making money from the North Sea—and a 
protracted debate began, not about the price the Gas Council should pay for 
natural gas but about the theory behind price setting. The ensuing discussions, 
over 2^ years, about whether a market-related or a cost-plus basis for price should 
be used were essentially a waste of time rendered necessary only because the 
licenses had been issued for free. 

In the circumstances the officials concerned seem to have decided that the Gas 
Council would have to be used as the rent collector by strict application of the 
1964 Continental Shelf Act so as to deny to the oil companies any opportunity of 
selling natural gas to anyone other than the Gas Council (apart from the rel¬ 
atively minor exception of nonfuel uses). The natural gas prices eventually set in 
1968-69 for sales by the producing companies to the Gas Council were low in 
relation to the fuel prices then ruling and very low indeed compared with the 
higher fuel prices of the early and mid 1970s. 

This set off" a chain of further problems. If rent is available and should be 
removed from the companies—a point about which there is .some scope for 
argument—it should presumably accrue to the state. There can be no case for 
channeling it from one large corporation which happens to be privately owned 
to another large corporation which happens to be “nationalized.” But if the rent 
accrues initially to the nationalized corporation, as was the case in Britain, how 
is one to know that some or most of it docs not remain there? To the naive, it 
might appear that because of the low natural gas purchase price the Gas Council 
would sell at market prices and make large profits which would then be taxed 
away by the government. Those more knowledgeable about large organizations 
would, however, guess that the distribution costs of the Gas Council would be 
unlikely to be as low as they would have been at a higher purchase price for 
natural gas and that what might have been rent in private corporations would 
largely be translated into organizational slack in a nationalized corporation. This 
hardly seems desirable, and it could have been avoided by auctioning production 
licenses in the first place. To some extent consumers may have obtained a short¬ 
term benefit from the low price which the Gas Council paid for natural gas because 
it showed up in sales by the council at somewhat less than the market price but, 
predictably, gas sales to industry had eventually to be rationed because of excess 
demand. Furthermore, as Dam shows, there was probably some reduction in 
exploration effort as a result of the low price paid to the producing companies. 
There still remainMi fascinating study to be done of where the rent disappeared, 
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but Dam has provided a valuable commentary on the complications which arose 
from the decision not to auction licenses, which is an essential foundation for those 
who wish to work on the subject. 

rherc are seveial points where one could argue with the opinions expressed in 
the book, for example, the ireatnicnt of the Norwegian and British oil taxation 
systems is rathf‘; briei and does not properly conv'ey the differences between the 
two systems: the impression is given (p. 69) that the British system is more 
lav'orahle to marginal fields whereas, in fact, the Norwegian system seems to 
contain a bigger tax differential between small and large fields (Morgan and 
Kobinson 1976). .Similarly, there are only a few remarks about depletion policy 
whlcli IS closely related to license allocation (Robinson and Morgan 1976). 
More genet ally, behcl in the idea of state rent collection in the ultimate depends 
on one’s ronceptitin of llie fur^clion of governnicni. Not everyone would agree 
that lent should be collected from one sectum of the community but not from 
Olliers nor that one ran assume wiser use of the rent by government than by private 
coiTipaiues. Nevcrllieless, Dam’s general case for the auction system as a device 
lor rent extraction supcrioi 10 monopoly purchasing agencies, royalties, taxation, 
and government participation is extremely powerful. 

Indeed, if is .sufficiently powerful for one to ask why it has not already had 
more impact, especially since in Britain the experimental auction of 1971 was 
.successful 111 «*rrris of yi<ldtng substantial revenues. Darn points out that the 
disci el lonat y system of allocation in Britain has been used for nationalistic reasons 
and fot infomial atm twisting of the oil companies. Clearly his ideas could be 
expanded, u.sing the conrept.s of the economic theory of democracy. If there is one 
iliitiR above all which characien/.es the discrclionary system of license allocation 
and distinguishes it IVotn coinp^'titive bidding, it is the amount of power and 
inliueiKc i( gives 10 the ofiicials who adminisici it. Conseijuenily, they believe 
(hey ha\c a strong interest in as .survival. One does not need to think of them as 
in any wav malevolent but merely as pursuers of their personal interests, in the 
.sain<‘ wa^ lliat the private sector is supposed t<i be .self-seeking but without the 
same desiiable results. I'he British and Norwegian governments have gradually 
taken ever cloier and more detailed control of North Sea activities in recent years. 
Many of us believe, like Dam, that less regulation of North Sea activities is highly 
desirable. We now need someone to produce a means 0 / persuading those whose 
employmeni and advancement prospects depend on detailed intervention in 
mclusliy that some withdrawal of tlic services which tiiey lavish on us would be 
one of the gtcaie.st benefits they could bestow on the community, li seems a task 
ideally suited to tiir persuasive powers ofCliicago! 

Coi.iN Robinson 


Ihiircf.sily of fiurrey 
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Housing Markets and Racial Discrimination. By John F. Kain and John M. Quigley. 
New York: National Bureau of Economic Research, 1975. Pp. 393. $17.50. 

Kr, the third in a series of books from the National Bureau, this book continues the 
study of housing submarkets in metropolitan areas by analyzing particularly 
detailed housing information for St. Louis in 1967. The two previous studies were 
on Detroit (Ingram, Kain, and Ginn 1972) and San Francisco (Siraszheim 
1975). 

After an introductory chapter, the theory guiding their work is outlined in 
chapters 2 and 3. Chapter 4 discusses the St. Louis data in detail. Chapters 5 and 
6 analyze the probability of home ownership and are only tangentially related to 
the theory. A traditional analysis of housing expenditures is covered in chapter 7. 
The analysis of housing attributes is covered in the next three chapters. Chapter 8 
develops a sort of hedonic index of the valuation of the attributes of housing. 
Chapter 9 establishes demand relations for the various attributes, and chapter 10 
is an attempt to investigate the jointness of demand for attributes of housing. 
The final chapter, 11, is a summary of the hndings. 

The main theme of the book can be stated in the following way. Housing is 
not a homogeneous good in continuous long-run equilibrium. Rather, housing is 
better characterized as a bundle of attributes. Furthermore, since housing is a 
durable good and since some of the attributes arc not reproducible, the price of 
housing includes costs of production and quasi rents. Prediction of values, then, 
will depend upon any systematic relations between socioeconomie characteristics 
of households and housing attributes and will require empirical analysis. I'he 
gross price of housing includes production co.sts, quasi rents, and transportation 
costs (explicit and implicit). Families choose their housing by selecting the bundle 
with the desired characteristics with the minimum gros.s price. In the empirical 
analysis, transportation costs are ignored. Blacks, however, do not have the same 
choices as others. The housing market is segregated into two submarkets: one for 
blacks and one for whites. This restriction in supply leads to a number of in¬ 
equities. Blacks do not have the same opportunity for homeownership, which 
restricts their welfare since they cannot take advantage of the tax breaks for 
homeowners and since they cannot receive the appreciation of value that has 
occurred in general in the 1950s and GOs. Blacks’ ability to own is restricted by the 
supply of single detached dwellings in ghetto aicas and by the higher price for 
given quality that they are required to pay. The interrelated analysis of ex¬ 
penditures and attributes shows blacks to have paid more for a given quality but 
to have spent less in total for housing than whites with comparable socioeconomic 
characteristics. 

The analysis of discrimination unfortunately is marred by some emphases that 
are inconsistent with the empirical evidence that is admirably summarized. Kain 
and Quigley appropriately begin with an assumption of segregated housing 
submarkets. While boundaries may be blurred today, during the 50s and GOs 
they were not. Instead of making market separation their conceptual framework, 
however, they concentrate on whether blacks pay more for a given quality of 
housing than whites. ’Fhc myopia may be a result of concentration on the cross- 
section data for 1967. Other studies cited by the authors, however, have shown 
that there is more than one price comparison for black and white occupancy and 
that these comparisons vary over time and with different circumstances. 

A theory about why blacks pay more should be able to explain why the 
differential exists and how it changes over time. Kain and Quigley rely on 
discrimination and the resulting supply restrictions. A more complete explanation 
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IS to rrly on Bailey’s original story (Bailey 1959). This story also begins with the 
idea that the markets are separated between black and white occupancy. Within 
each of the segregated markets there are separate prices for housing, but there 
are also different prices along the boundary between the markets. Whites pay 
low prices on the boundary or in areas where change is anticipated (Little, 
Nouise, and Phares 1975). Blacks pay a boundary premium over ghetto prices 
to escape. So long as the black, boundary price is greater than that for whites 
'taking account of conversion costs), the ghetto expands. 

During the 50s and 60s, rapid migration of blacks to cities, natural increase in 
black population, and dcstiuclion of housing for black families by road con¬ 
struction and urban renewal caused aggravated excess demand in ghetto areas. 
Cihetto areas expanded as a result of the upward pressure on prices within ghettos 
and on the black side of the boundary making conversion of houses along the 
boundary profitable. In the late 60s and 70s, the migration of blacks to cities 
declined, and tliere wa.s le.s.s exce.ss demand. Blacks were still trying to escape the 
ghetto so that they were still willing to pay a premium for boundary properly over 
that within the ghetto. Whites, on the other hand, were still discounting housing 
ui those areas in which transition was anticipated, so that profitable arbitrage 
rominued to increase the ghetto. Within the ghetto, however, there was an 
excess suppW o( iiousing, so that prices declined, vacancies rose, and liouses were 
abandoned, vandalized, and destroyed. In fact, (hose black families escaping the 
ghetto in the lau' 1960s by acfjiunng housing under liberalized FHA guidelines 
were caught in the middle as tlie ghetto boundary moved to other areas and their 
houses became pait of the ghetto. 

Besides <livrrting the authors from an analysi.s of change, the concentration 
on a coinpatrson of black and white payments for a given quality of housing leads 
(hem to iiusirucrpret their regressions. For example, in chapter 8 housing cx- 
(ienditui<*s were regresst'd against the vector of attributes to determine prices or 
value for each attribute-- a hedonic price index. Although the range of attributes 
was greaiei tftan in previous studies, the sample was heavily biased toward city 
houses. According to their ecjuatioris, increases in the proportion of whites in a 
neighboihood cau.ses expenditures to be less. Kain and Quigley attribute this 
to the so-called markup for housing for blacks. Given that the sample is dominated 
in nonghetto areas by city housing, their regression really compares expenditures 
for all hou.sing occupied by blacks with those by whites in the areas discounted 
in anticifiation of change. This is only one of the possible comparisons (not even 
the most useful), and with changing circumstances this differential should change 
from what it was in 1967. 

A major element in the Kaln-Quigley analysis is the nstriction of housing 
supply to blacks. Their evidence is indirect and relies on avoidance of internal 
conflicts within their logic and evidence. For example, a major discussion of the 
problem appears in the analysis of homeownership. They run regressions of the 
probabiliiN of homeownership against a number of reasonable independent 
variables depicting age, life-cycle stage, income, and stability of income. Their 
results suggest that blacks have significantly lower probability of homeownership. 
I'hrce possible hypotheses arc considered: blacks have a different taste; blacks 
have less wealth; or blacks have less access to housing because of supply restric¬ 
tions or pric^ discrimination. Taste differences are rejected because separation of 
equations by race shows no .significant differences in the independent variable 
depicting tastes. Although lower wealth may be a contributing factor, it is 
difficult to prove since homeownership is a significant proportion of the wealth of 
low- and middle-income families. Thus, one is left with the hypothesis that the 
differential is a result of supply restrictions. 
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Further corroboration of the hypothesis is found in the analysis of housing 
attributes. Each of the housing attributes was regressed against the same income, 
age, and life-cycle variables used in the ownership study. The estimates show that 
blacks have the same demand characteristics as whites for some attributes, such 
as number of rooms, but that blacks have large differences from whites in demand 
for such attributes as newness and lot size. The differences were attributed to the 
likely restriction from black occupancy of housing with the latter characteristics. 

The last link in their story is that blacks spend less on housing because there is 
price discrimination against them. Abandoning the entire conceptual framework 
that housing is a bundle of attributes rather than a homogeneous good, Kain and 
Quigley find that housing expenditures by blacks were less than whites for 
comparable age, life cycle, and tenure status. At the same time, their attribute 
analysis, which is consistent with their theory, showed that quality cost more 
inside than outside the ghetto (subject to our previous objection). The authors 
argue that blacks spend less because the price per unit of a given quality house is 
higher to them. The reason is that the price elasticity of demand for housing is 
greater than one, a fact borrowed from previous studies and not estimated in this 
one. But what is the meaning of a price elasticity of demand for a nonhomogenous 
bundle of attributes? The analysis is inconsistent with their initial assumption that 
housing is a bundle of attributes. 

Given the wealth of detail and analysis, so much of which could not be dis¬ 
cussed in a short review, this book is, surprisingly, a disappointment. The reason 
is that the theory is written as if the black-white differential is timeless. We are 
not shown how the segregated-market model will change internal and boundary 
prices with changes in circumstances, so that the model is not useful in evaluating 
the impact of alternative public policy proposals on the market. The reduction 
in migration of blacks to central cities, the decline in total SMSA population in 
some areas, such as St. Louis, and the relative increase in new housing costs would 
change the differential and operation of the markets significantly, even if segre¬ 
gated markets were as strong as ever and had not been blurred by changes in 
attitudes since 1967. 


Hugh O. Nourse 


University of Missouri —Si. Ijruis 
and 

Hooter Institution on War, Revolution and Peace 


References 

Bailey, Martin J. “Note on the Economics of Residential Zoning and Urban 
Renewal.” Land Econ. 35 (August 1959): 288-92. 

Ingram, Gregory K.; Kain, John F.; and Ginn, J. Royce. The Detroit Prototype 
of the NBER Urban Simulation Model. New York: Nat. Bur. Econ. Res., 1972. 

Little, James T.; Nourse, Hugh O.; and Phares, Donald. The Neighborhood 
Succession Process. HUD-PDR-104. Washington: Department of Housing and 
Urban Development, July 1975. 

Straszheim, Mahlon R. An Econometric Analysis of the Urban Housing Market. New 
York: Nat. Bur. Econ. Res., 1975. 



888 JOURNAL OF POLITICAL ECONOMY 

Xlanufactured Export Expansion and Industrialization in Brazil- By Wii.liam G. Tyllr. 

Kiclor Siuclit'n 134. 

T ubingen; J. O B. Mohr, 1976. Pp. 373. 

This book is composed of nine chapters, five technical appendices, and a statistical 
appendix. Its author stales two objectives in the preface: (<j) “an improved basis 
lor comparison with other countries’* and {h) a better “understanding of Brazil’s 
specific experience.” In neither respect does the book improve on the existing 
liieraiure. This review discusses some of the questionable points only; little or no 
attention is paid to those portions of the book that contain correct analyses since 
most of these have appeared elsewhere. 

Chapter 2 presents a general overview of the industrialization and growth of 
Brazil since the last century. T his chapter, essentially a descriptive summary, i.s 
sprinkled with unhelpful and largely speculative comments on past governmental 
policies. T he statement that Brazilian growth during the period 1968-73 “can 
largely be attributed to efficacious economic policy within the capitalistic frame¬ 
work” is an overly strong statement, inasmuch as growth was widespread through¬ 
out the world, and during this period there was a substantial increase in govern¬ 
mental intei\’ention in Brazil. 

C’hapicr 3 attempts to quantify the imporlanre ol ilie import substitution 
process and ol export expansion in contiibutiiig to final demand growth. Following 
Chen(‘ty (1960), the identity A total demand = A domestic demand + A ex¬ 
ports “ A imports is used to analyze the relative importance of each demand 
compoiK iu for 2! industrial sectors. To take into account direct and indirect 
elVects, the 1971 input-output table for Brazil i.s used as suggested by Morley and 
Smith M970).T'he 1971 iahl<*isused to analyze the periods 1949-64. 1964-67. and 
1967 71. The lesult is as expected: the internal demand was the most relevant 
compoiirni of the total demand in all periods. The fraction of total demand 
generated by the import substitution process was about 24 percent in the period 
1949 64, and negative alter 1964 due to import liberalization (according to 
Tyler). It rs interesting to note ihai, although the share due to exports wa.s 
minimal, it grew from 2 percent in the fiist period to 6 percent in the last. The 
exercise was repeated to include the secondary income elfecis, using a Keynesian 
multiplier approach. Although interesting, this is probably misleading since 
Keynesian analysis refers to the short run and assumes unemployment, whereas 
the Brazilian economy appears to have been working close to full capacity, at 
Ica.sl during the final period. 

To comjilete the analysis of Brazilian industrial growth, the supply side is 
discussed and the eflkiency of the industrial sector examined (chapter 4), The 
mam conclusion is that Brazilian industry is rca.sonably competitive. Unfor¬ 
tunately, the evidence is weak. Although the difficulties of estimating production 
functions are stated, CFS functions arc estimated for each of 21 industrial sectors 
using cross-scciion data lor states and then used uncritically to draw inferences 
about economies of scale, technology, and efficiency. 

Cobb-Douglas production functions are also estimated from a Visao sample of 
firm.s’ balance sheets, using sales as proxy for product. Thus, = AfL^Kf is 
actually PfXi = P^A^^Kf = AfL^,Kf for estimation purposes. The OLS are 
used to estimate this equation on its logarithimic form, and inferences are drawn 
from these regressions. Nerlovc’s classical work (1965) is cited in vain since 
economies of scale are discussed by comparing a + y? to one and no attention is 
paid to the impossibility of having a 4- ~ i in a competitive market if and 

sire endogenous and determined by profit-maximization behavior subject to 
the production function. 
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Using these Cobb-Uouglas production functions, the author attempts to test 
the differences in technology used by foreign and domestic firms by comparing 
the constant of the regressions for the two groups of firms in each sector. Because 
observations are few this test is performed by means of a dummy variable, assuming 
value one for foreign and zero for domestic firms, to conserve degrees of freedom. 
The author concludes that for three sectors (machinery, drugs, and textiles) there 
is a difference in technology used by these two groups of firms, and also for industry 
as a whole when all data are considered together in the same regression, since the 
coefficients for the dummy variable are significantly different from zero only in 
those regressions. 

But this is not an appropriate test due to the data used. Since the dependent 
variable is sales (i.e., TjAi,), the constant is in fact log (Pjd,), and therefore two 
effects are confounded in the constant: the price and the technical parameter A. 
Thus, the coefficient of the dummy variable might be significant due to price 
differences which, in fact, are due to quality differences; and, if quality varies. 
It does not make much sense to compare the technology since we are dealing with 
two different product mixes. In fact, the sectors for which the coefficients of the 
dummy variable appeared significant are those where quality differences are very 
important. 

Section 2 of chapter 4 presents some additional material on industrial efficiency 
in Brazil. The indicators of industrial efficiency are unreliable, and some of the 
statements do not follow either from economic theory or from the existing evidence 
(e.g., “One of the reasons domestic prices are high is that profits are high” 
fpp. 107-8]). The commfents on specific industries are at times misleading (e.g., 
textiles). Price comparisons arc made without accounting for quality; indeed, this 
problem is not even mentioned, and theoretical statements which are valid under 
certain circumstances are applied to inappropriate situations. 

Chapter 5 gives a description of Brazilian exports and export performance 
during the postwar period. Except for section 2 it mainly reproduces other 
people’s findings. The effort to capture the effect of the Latin American Free 
I'rade Area (LAFTA) on Brazilian export performance is unsuccessful for two 
reasons. One has to do with LAFTA itself; the author fails to consider the expan¬ 
sion of the number of participating countries in his analysis. The second difficulty 
has to do with llie data used. It is probable that Brazilian exports to LAFTA were 
obtained here by adding up the figures on Brazilian exports to LAFTA countries. 
Unfortunately, not all exports to those countries are made under LAFTA 
agreements. 

Section 2 of chapter 5 is an interesting analysis of Brazilian export growth 
assuming constant market shares. The meaning of this analysis for export perfor¬ 
mance is not clear. The author calls attention to some of the limitations, especially 
with reference to the interpretation of the competitive effect. Under the hypothesis 
of constant market shares, he concludes that there was a large increase in the 
competitiveness of Brazilian exports from 1955-64 to 1964—71. Nevertheless, it is 
interesting to note also that for 1964-71 the commodity composition effect offset 
the gains in terms of efficiency. Docs that imply that Brazil became more efficient 
in producing her exports but chose to export the wrong goods to the wrong 
market? I discuss this below. 

Chapter 6 deals with the employment effect of manufactured exports, but the 
main question considered does not seem to be the most relevant. The author 
writes; “This chapter examines the possibility that Brazil might obtain substantial 
relief from its surplus labor problem through the promotion of its manufactured 
exports.” He estimate that by 1994 (i.e., 23 years from 1971) manufactured 
exports in Brazil will generate about 50 percent of the total increase in new 
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employment, but the manufacture exporting activities will account for about 
9.6 percent (direct plus indirect) of total employment. However, the interesting 
aspects of the analysis of the labor content of exftorts and import substitutes are 
related to the possibility of directing policies to import substitution or export 
promotion trade strategies. These aspects of the results obtained in this chapter 
are not well explored. Some statements and conclusions are based on previous 
studies done by the author but not explained by him here. 

Chapter 7 describes and discusses export policies and the policy environment 
for manufacture exports and gives a quite complete picture of the situation. 
Chapter 8, “Tire Determinants of Manufactured Export Performance,” gives 
promise of presenting new data from the author’s extensive survey work, but 
unfortunately this expectation is not fulfilled. The empirical results are in fact 
based on previously published data and consist of estimating export supplies for 
manufactures as a whole, not identifying the relative importance of the policy 
instruments discussed in chapter 7. Some qualitative inferences arc based on the 
author’s survey, which turns out to be a collection of personal interviews by the 
author of a few entrepreneurs, whom the author himself regards as of poor 
quality: “It is considered that many of these problems [general obstacles to 
exports) revolved around the relative scarcity of organization ability and entre¬ 
preneurial talent that seems to characterize much of the Brazilian sector.” 

The author to the contrary, there i.s reason to believe that entrepreneurs in 
Brazil are rather clever, since they have managed to turn the government into an 
important partner in sharing the costs of promoting exports. 

finally I call attention to an important technical problem. In chapter 7, 
and apparently throughout, the author adjusts the exchange rate by the dollar 
inll.ation to obtain the real exchange rate. This is quite misleading since the 
composition of Brazilian exports by destination has changed drastically against 
the dollar area. If wo consider the average relative distribution of Brazilian exports 
m the period 1968-73 (United States 25.3 percent. West Germany 9.0 percent, 
Holland 7.0 percent, Italy 6.5 percent, Japan 5.0 percent, England 4.5 percent, 
France 4.0 percent, and Belgium 3.0 percent), we may infer that the index of the 
real rate of exchange of the cruzeiro depreciated by 9.8 percent from the first 
quarter of 1968 to the first quarter of 1973 (see Conjuntura Ecommica 1975). This 
result contrasts with the 1.55 percent devaluation for the same period implied by 
the data presented in table VlI-5 (p. 220) of the book. This could to some extent 
explain why the data in chapter 5 imply that Brazil was exporting the wrong 
goods to the wrong markets. 

To summarize, the book may be of some interest to people that know little 
about Brazil. It represents a great effort to cover many aspects of a complicated 
subject, but its quality suffers in consequence. 

Jos#. L. Carvalho 

Fundafao Celulio Vargas—EPOE 
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The Gibson Paradox and Historical 
Movements in Real Interest Rates 


Robert J. Shiller and Jeremy J. Siegel 

University of Pennsylvania 


This paper analyzes the correlation between interest rates and prices 
which has persisted for the past quarter of a millennium and has been 
termed the Gibson Paradox. Spectral techniques confirm the correlation 
between long-term interest rates and prices for very long-term swings 
(the Gibson Paradox), but indicate a .significant short cycle correlation 
only for short-term interest rates, which wc term the Kitchin Phenom¬ 
enon. Past explanations of these correlations have often failed to 
distinguish cycle lengths and term of interest rates involved. Our 
analysis rejects Irving Fisher’s “price expectation” explanation and the 
Sargcnt-Wicksell velocity of money explanations. We propose alternative 
explanations which in part relate to the characteristic behavior of 
governments during wartime and in part to distributional effects of 
unatiticipated inflation. Our analysis strongly suggests that prior to 
World War I nominal long and short rates of interest can be regarded 
as real rates. 


For the past quarter of a millennium for which British data are available, 
there is a strong positive correlation between the price level, as measured 
by a (log) price index, and the long-term interest rate, as measured by the 
yield to maturity of long term bonds. This phenomenon is named by 
Keynes (1930) the “Gibson Paradox,” after A. H. Gibson (1923), the man 
Keynes thought had discovered the relationship. The long-term interest 
rate K and the log of the price level P as we measure them are plotted 
together for comparison in figure 1 (see Appendix for source of data). 
The similarity of the two series is most impressive, especially when one 

The authors are indebted to Charles Plosser for research assistance and to Anna J. 
■Schwartz for help in assembling data. Helpful comments were made by Phillip Gagan, 
Michael Darby, Milton Friedman, and Franco Modigliani. Research support was 
provided by the National Bureau of Economic Research. Computer work was performed 
by the NBER troll system. 
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l ir;. ) 'Fhf log ol ih<* pricr ukIcx (/*) and the long-tern) interest rate (/?), British 
data, Srv Appendix for MHirce of data. 


c'dnsicic'is the major changes in social, political, and economic structure 
wliirh took place over this period.' Keynes called this correlation “one of 
the most completely established empirical facts in the whole field of 
quantitative economics” (1930, 2: 198). 

()ver the shorter time period for which good British data on short-term 
interest rates are available, there is also a substantial but less pronounced 
positive correlation between short-term interest rates and prices. The 
short-term interest rate / is plotted in figure 2, with the same price series 
/’. Tlie correlation is not only less pronounced than that in figure 1;^ it 

' I'hr Cvibson Paradox apprais in data Irom other countries as well. Pase (1972) 
concluded that the paradox holds in the Dutch economy. The paradox also appears over 
the shorter lime period for which data are available in the United States and Canada, 
For the U.S. data, the relation between a long-term bond yield series and prices is again 
a long-term one, and shorter-run movements in the scries show little relationship. One 
may not, of course, regard the experience of these other countries as independent ob¬ 
servations, since their interest rales and prices are related through financial markets. 
There is, however, substantial variation between U.S. and British price series and U.S. 
and British Ixind yield time series. T’he data show that U.S. federal government bond 
yields were dramatically above the British consol yields during the War of 1812 and the 
Civil War, and these periods corresponded to periods of very high prices in the United 
States relative to Britain. Experiences of some other countries, however, may be construed 
as disconfirming the Gibson Paradox. For instance, ihe price level in France rose during 
the Second World War to a plateau which was, in the 1950s, 2,500 percent higher than 
in 1937. Interest rates did not rise to a new higher plateau. We could find similar counter¬ 
examples in the experience of certain Latin American countries with dramatically 
unstable price levels. 

* The correlation between the H and F data in figure 1 is .743, while that between R 
and AP (the rate of inflation) is .045. The correlation between / and F in figure 2 is .421, 
between / and AP is — .01. 
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Fir.. 2.—The log of thf price level (P) and the short (3-monih) interest rate (/), 
British data, See Appendix lor source of data. 


also takes a clifTerent form. The relation between I and P is much stronger 
over the short term than that between R and P. We will refer to this 
short-term correlation with the short rate of interest as the Kitchin 
Phenomenon, after Joseph Kitchin who noted it in 1923. 

A correlation between interest rates and prices of this significance must 
certainly have been noted many times in the past, and indeed it has been 
an empirical regularity that has been of great importance in the develop¬ 
ment of monetary theory. T he correlation was apparently first described 
by Tooke (1844). He used it to criticize the Thornton-Ricardo view that 
an increase in the money supply is transmitted to an increase in prices by 
a decline in the interest rate and to defend the real bills doctrine. Alter¬ 
native veiws of the phenomenon were developed by Wicksell (1898, 
1962) and by Hawtrey (1913). Renewed interest in the phenomenon was 
then prompted by the “discovery” of the relation of long rates to prices 
by Gibson (1923), and of the relation of short rates to prices by Kitchin 
(1923) and Peake (1928). Kitchin compared the peaks and troughs of I 
and P and noted that the turning {joints which occur together occur about 
40 months apart, a phenomenon that has come to be known as the 
“Kitchin Cycle.” Unfortunately, what is best known today is Kitchin’s 
conclusion that a 40-month cycle is discernible from the I or P series 
individually. 



JOURNAL OF POLITICAL ECONOMY 


«94 

A number of tJicories liave been proposed to explain the positive 
correlation between interest rates and prices, notably by Fisher (1930), 
Keynes (1930), Macf.'aulay (1938), and Sargent (1973). In this paper we 
analyze these theories and propose alternative explanations of the Gibson 
Paradox and Kitchin Phenomenon. 


Analysis of the British Data 

Spectial analysis of the time senes appearing in figures 1 and 2 gives us 
a more precise description of the pheomcna described above 

1 . 'I'lie sr|uared coherence (which is essentially a squared correlation 
coelTicieni at each frequency; between R and as shown in the top of 
figure 3, is stronger at the lower frequencies, where it is significant at the 
"i jicrteni level. The sr|uarctl cohen-nee helwi-en / and P shown in the 
bottom of figure 3 is concentrated, in contrast, more in the higher fre- 
qucncies and peaks very near the Kitchin fre(|uency of .300 (40 months), 
where it is al.so significant at the ,5 percent level. In both cases the phase 
angle is nearly zero wherever coherence is strong (i.e., the relations arc 
essentially unlaggedj. 

2 (ionsidered individually, none of the series shows a spectrum which 
IS very t oncentralcd al any particular (nonzero) frequency; that is, there 
is little evidence of prodoiuinant business cycle for piices and interest 
rates. The spectra of both R and P are ty|)ical of the kind of spectra which, 
.IS elaborated by Granger (196(i), arc commonly found among economic 
lime si'ries, in that their most striking feature is the considerable power 
al the lower frequincics. Box-Jenkins analysis .suggests that both series 
might be represented as integrated proce.s.ses. Since Klein (1975) found 
major changes in the behavior of prices after the end of the gold standard, 
we tried ilividing the sample period rather aibitrarily at 1913. As a first 


•' J’lir sample pci jod is l7!i() 1973 iii all rstiinatfs cxcopi Oiosi- involving /, Idr which 
A sample poiiocl ol’ I820-1937 w.is ustnl. I'hc slmiier sampic period was m-ccssitatcd by 
lci< k (jf gnotl data befou' 1820 and by the unusual controls <»n .sho» i rales around World 
War 11, whose elTfcl in drastically lowering short rates can bt* readily seen in figure 2. 
In computing the eiohs-sprcira, the data were quasi first difl'crenced (with filler [1 — .8Lj), 
and iIk'ii l’'ouricr translornied (without prior padding with zeroes). The cioss-pcriodogratn 
was snuHithcd with a w'rap triangular tiller. In computing ihc cross-sptxtra between R 
anfl P the data were midally detrendi'd, but this was unnecessary for I and P. The range 
of the filler for R and P was 18, and the band width was .005. The range of the filter for 
/ and P was 12, and the band width was .102. Since Box-Jenkins analysis suggested that 
R and P may he represented as tandom walks for the greater part of the sample period, 
the .senes may not be stationary, so that their spectra would not be defined. Even if this 
>s so, the spectra remain useful charactenzatiom of the data. Using the filter (1 — .SL) 
on all the data produced Spectra of R and P which were w'hitencd considerably (and a 
spt'Ctiurn of /with much reduced lower frequencies), so that the coherence pattern of the 
first dirtcrenced s<;ries would not be substantially difTercnt. 
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Fio. 3. Plcils of squared eohrrencc (verlical axis) agauisl fri-quency ui cycles per 
veai (horizontal axis). Upper plot: squared coherence between K and P. Critical co- 
herenre squared at ,'i percent level is .350. Lower plot: squared coherence between / and 
P. Critical coherence squared is .472. See n. 3 for details of estimation. 


approximation, it is useful to regard both of these series as random walks 
for the period up through 1913, and as positively serially correlated 
IMA (1, 1) (integrated moving average processes) for 1914-74. Thus, as 
Klein emphasized, our impression that inflation is forecastable is valid for 
the present time, but not for most of the period covered by our data. 
The appearance to the eye of “trends” in figure 1 before 1914 is the usual 
illusion given by random walks. These Box-Jenkins representations, 
however, do not perfectly correspond to the observed spectra. The long 
rate spectrum also shows small humps in the middle frequencies, peaking 
at frequencies .23 and .32. The short rate series /, in contrast to the above, 
has a spectrum much less concentrated in the low frequencies, as evidenced 
by the relatively choppy appearance of the series in figure 2. Again, there 
are no important humps in the spectrum. There is a small hump in the 
Kitchin frequency of .30, but other humps which are just as large occur at 
lower frequencies. 
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Theories Based on a Response in Interest Rates to Inflationary 
Expectations 

Irving Fisher in his classic The Theory of Interest (published in 1930) has 
given the most popular explanation of the Gibson Paradox. Fisher stated 
that the markeu rate of interest at time /, R,, on long-term bonds is the 
sum of a more or le.ss constant real rate of interest p plus an expected 
■‘long run" rate of inflation at time t, it,, so that = p + it,. He 
asserted that the Gibson phenomenon arises because it, is positively 
correlated with the price level, and he attempted to provide a plausible 
theory of expectations which would give this result."* 

According to this theory, if we assume knowledge of future prices the 
price V, of a consol paying coupons of C dollars each time period is the 
pieseiit value ofits real coupons (in time / prices) discounted by a constant 
real rale p. The yield R, — log (1 -(- CjV,) of the consol can be approx¬ 
imated by linearizing around A/*(< -I- n) = 0, n = 1, 2, . . . (see Shiller 
19721 to obtain 


A’, = p 4- fl - exp (-p}\ X ‘‘^P (1) 

t= I 

I'hus, consol yiekis are given approximately as p plus a weighted average 
of future rales ol inllalion, the weights declining geometrically with time. 
This weighted average wc refer to as an ‘‘expected long-run rate of 
inflation.” In effect, the long-run rate of inflation is related to the “present 
value” of futtire one-period rates of inllalion discounted by the real rate 
of interest. 

Fisher claimed that expected long-run inflation rates ir, could be 
represented as a distributed lag on past actual inflation rates. If the 
distributed lag is exponential, tliis gives 


A, = p -f- i (2) 

k = I 

a model which resembles (1) except that the weighted average includes 
lagged AP rather than led AP. As an expectations mechanism, it sounds 
superficially plausible that individuals should form expectations as a 
weighted average of lagged inflation rates. Moreover, if a is very small we 
can be sure that the model will fit the data very well since 

oC 

exp (-ak)AP,.t 

I 


* The Fisher theory has spawned an enormous literature (see, for example, Roll 1972, 
Modigliani and Shillcr 1973, Sargent 1973, and Fama 1975). 
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is essentially the price level itself, thus such a “model” becomes a simple 
restatement of the Paradox. * ** We know that Ji will fit n so defined very 
well.* 

Although the model fits well, however, it is not a plausible one from 
the standpoint of investor rationality. To see this, we look at expression (1). 
Since R here is a linear function of P, + ,, . . . we can derive the cross¬ 
spectrum between R and P. ’ It turns out that the phase angle from P to R 
is for high frequencies (short cycles) near 180^, implying that high- 
frequency components of P are matched by high-frequency changes in 
R in the opposite direction. The intuitive explanation is simple; in the 
short-run the price of the bond must move with the price level for real 
returns to be kept constant for short holding periods. In short periods of 
time the coupon payments are negligible and can be disregarded. Keynes 
suggested this point in his Treatise an Money. For long cycles, on the other 
hand, the phase angle approaches 90“. At these frequencies yield becomes 
uncorrclatcd with the price level. Hence, there is thus nothing to suggest 
a phenomenon like the Gib.son Paradox. 

A more graphic way to see the “paradox” involved here is to compute 
what interest rates would have been had investors known with certainty 
what future prices actually transpired. We will define an “ex post rational 
yield” as the yield on a bond whose price is the present value of its real 
coupons discounted by p, If R* is the yield on such a consol, then we 
have from the definition of yield the recursive relation 

R* = log {1 -(- exp (p + AP, + ,) ■ [1 - exp (-/?,*+,)]}■ (3) 

Given a value for p and a terminal value for 7?*, which we took to he 
3 percent and the actual yield for 1973, respectively, wc can compute an 
cx post rational yield for all earlier dates for which we have price data. 
This is plotted at the top of figure 4. This cx post rational yield guarantees 
that holding period real returns for all periods be 3 percent. Clearly the 
cx post rational yield moves opposite actual yields, which appear in the 
middle of figure 4. The correlation between ex post rational yields and 
actual yields from 1729 to 1950 (a period chosen to exclude the most 


* For small a the theoretical gain from P lo R according to (2) is e.ssrnlially flat and 
the phase angle zero for all but the lowest frequencies. 

** There is an extensive literature on the estimation of the parameters of (2), although 
the relation is often modified by making p a function of other variables (see Roll 1972). 
Some authors have not found the distributed lag significant for certain subperiods and 
estimation procedures (see Cargill and Meyer 1974). 

^ The phase angle is given by 


4>{w) = arctan 


f (l - e-^) 

1(1 + e~P) 


sin {2nw) \ 

[cos {2niv) — l]i 


and the gain is given by 

g{w) = (1 - - 2 cos (2ir«;)]/[I - 2«-?co5 (27r«;) + 
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I - I'A ixist laiKMUil yioiiis li*, at tu;8 yirlcls R aiui <*x post real long-lrrin rales ol 
inKTt'Si II Uiilish riatd. 


rccont viiliK'.s (if our ex posl rational yield which arc heavily influenced by 
(lie arbitrary terminal \alue ehoaen) was —.30. 

The ex jiost rail yield on a bond is that rate of interest which discounts 
the real coupons to the actual real value of the bond. In the case of a consol 
whose [iriee i.s I', and which carries coupon (I per time period, the ex 
post real yield /), at time t is dclined iinjrlicitly by 

V, = C v\y)(-p,n - ^ + ('I) 

I'hi.s implicit function for p, in terms of F,, and future AP cannot in 
iteneral be solv ed lor p,. However, if inllation rates arc not large, then, 
based on a linearization around p, we derive the approximation 

p, ^ p, - {p: - p) (5) 

where p is the real rate used in the computation of P*, the ex post rational 
yield. The ex post real long rate is here essentially the nominal rate minus 
the ex post long-run rate of inflation which is implicit in P*. The values 
of p, computed from the P* at the top of figure 4 are plotted at the bottom 
of figure 4. By construction, the real rate approaches p (3 percent) at the 
final date. The standard deviation from 1729 to 1950 of p is 217 basis 
points. If P, had been constant over this period, then using R* and (5) we 
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compute that the standard deviation of p over this period would have 
been 182 basis points; that is, as we have noted, the movements in R 
aggravated, rather than mitigated, the effect of changes in Pon real yields. 

The ex post real long rate of interest is strongly negative in the depression 
of the 1930s which means that the real value of the bond then was greater 
than the simple sum of its real coupon payments up to 1973 plus its real 
value in 1973. Real rates of interest hit zero during the depression of the 
1890s, and were relatively low during the last part of the nineteenth 
century. The secular deflation then was not .severe enough to offset the 
low nominal yields. 

Of course, individuals do not possess perfect foresight. Based on the 
stochastic properties of the price level alone, before 1914 investors should 
have projected a near zero rate of inflation consistently, since the price 
level displayed little upon which to project future rates of inflation. When 
there were external circumstances that should have given rise to nonzero 
projections, as during the war years 1810-15, the Napoleonic Wars, and 
especially the 1920 World War I peak, it would appear that investors 
consistently forecast prices in the wrong direction. The same could be 
said for the depression period of the 1930s and the governmental sup¬ 
pression of inflation during World War II. 

In conclusion, the Fisherian hypothesis that price expectations account 
for the Gibson Paradox and the real rate is constant cannot be maintained 
on the basis of a rational expectation mechanism for generating inflation¬ 
ary expectations. If the price level follows a random walk and expectations 
of future inflation are based only on past inflation, then the interest rate 
scries we sec is in fact the real rate of interest. 

Theories Which Rely on Interest Sensitive Demand or Supply 
of Money 

A completely difl'erent approach to the explanation of the Gibson Paradox 
was taken by several other authors, who combined a characterization of 
ati interest-sensitive demand for supply of money with a characterization 
of the time path of exogenous variables. Keynes (1930) and Wicksell 
(1962) proposed explanations which, while differing in details, both 
relied on an interest-sensitive money supply. Sargent (1973) proposed a 
model of the Gibson Paradox which relied instead on an interest-elastic 
demand for money. We may summarize both types of explanation in terms 
of the two-eciuation model 

log {M) = log [p(r)] + log (//), money supply (6) 

log (M) 4- log [V(r)] — P + log (y), money demand (7) 

where M is the money supply, p(r) is the interest-sensitive money multi¬ 
plier, fi'{r) > 0, ^ is the supply of high-powered money, V{r) is the 
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interest-sensitive velocity of money, V'(r) > 0, and y is real national 
product. The interest rate r could be either the short-term interest rate I 
or the long-term interest rate R. Let us for the moment assume it is R. 
If we assume demand equals supply we may derive from (6) and (7) the 
reduced form for P 

P = log [F(r)| + log [/i(r)J + log (///y) 
or (8) 

/' = log K„(r) -f log (N/y) 

where log y,i{rj = log \ V{r]] -f log (//(t)] is the velocity of high- 
powered money. I'his result divides the log of the price level into two or 
three components, .ill components are directly observable, F(r) = YjM 
where Lis money income, and [/t(r)l is MjH. Sargent’s model asserts that 
log I p(r) j and log (//f y) arc relatively constant, and the Gibson Paradox 
arises because l'(r'j moves with R. Wicksell’s and Keynes’s models assert 
that log (■{;; :ind log [Hjy) are relatively con.slant, and the Gibson Para¬ 
dox iuises hecatise (/<(( moves with R. All of these theories assert that the 
variation in P tntist he due primarily to variations in the velocity of high- 
powered money One way of evaluating these theories is thus to 

check which of the components off* in (8) accottnt Ittr movements in P. 

Betbre we do tins, we must decide on the definition of high-powered 
money ll. If we take the conventional definition which includes Bank of 
Lngland notes an well as gold, then it is neither V(r) nor /t(r) which does 
most to explain P; it is instead the third component, log {Njy), as can 
be seen from figure .*i. The correlation between P and log {Hjy) is an 
extraordinary .972. I'lie log of the velocity of high-powered money 
log (r///) plotted at the bottom ol figure 3 accounts for only a small part 
of the variation in /'. d'his is not to say that the velocity of high-powered 
money is not sensitive to the interest rate, since the correlation coefficient 
betwccit the consol yield series and the log of }’//■/ is .348, but the changes 
in this velocity arc not very important in explaining price movements 
compared to changes in the money slock. In particular, one notes that the 
high pril l's and interest rates during Worltl War I cannot he associated 
with an increase in the velocity of high-powered money,® 

The data thus indicate that neither Sargent’s theory nor Wicksell’s 
theory can be the principal explanation of the Gibson phenomenon. On 
the other hand, if we define high-powered money to be reserves of the 
Bank of England, as Keynes at least clearly intended in this context, then 
these data are entirely consistent with Keynes’s explanation. The possi¬ 
bility that Keynes suggested is that governments or central banks will 

® Cagaii (I9fi5) has also emphasized the importance of Hjy in determining P based on 
U.S, data. 
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Fkj. 5. —Uf)pcr plots: ihc log pric<* level I* and the log of ilie ratio of high-powered 
money to real (jDF, log (///_y). Scale for these plots is at left. Lower plots: The long-term 
ititeresi rate ^ and the log of the veUirity of high-powered money, log (I’/A/). Stale for 
these plots is at the right. 


respond to increases in interest rates by increasing the money supply.*^ 
11 the central bank seeks, with less than complete success, to stabilize the 
long-term interest with its handling of the money supply, then the Gibson 
phenomenon might emerge. Keynes (1930) argued, as an element of his 
explanation of the Gibson Paradox, that central banks have long behaved 
in this manner. 

The clearest case for such behavior occurs during wartime. Debt- 
Hnanced war expenditures arc an attempt to shift part of the burden of 
the war to the future. To the extent that individuals do not discount all 

In ihc United Stales also, even before the Federal Reserve System, ih<* government 
lia.s had influence over high-powered money. In the Civil War, the U.S. printed “green¬ 
backs” not immediately redeemable in gold. Moreover, during the War of 1812 (even 
though there was no central bank, the charter of the Bank of the United Stales having 
expired in 1811) banks in the middle states had suspended specie payments and the 
federal government was able to obtain loans of their unredeemable paper notes from them, 
thus effectively increasj^g the money supply. 
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future tax liabilities arising from the issuance of debt, current government 
borrowing will not be met by an equivalent increase in saving unless the 
real rate rises to equilibrate the financial market. The central bank may 
.succumb to the political pressure of keeping the interest rate from rising 
by increa.sing high-powered money and hence causing inflation. Thus, 
during wartime the correlation between interest and prices arises because 
c;ich, in turn, is cau.sally linked to two other variables that are correlated : 
gov'crnment interest-bearing <lcbt and high-powered money.'® 

'I bis explanation i.s capable of explaining the Kitchin Phenomenon as 
well as the (tib.son Paradox. Since the coherence between P and the log 
of /// y is high for ail frequencies, both the low-frequency coherence 
between P and A’ tuid the high-frctpiency coherence between P and 1 
could be explained with an apjtropriale uuxicl linking Hjy to both / 
and R. If w'c suppose ihat the monetary authority attempts to .stabilize 
short-term cycles in the short late tif inteicst and long-term cycles in the 
long rate ol interest, tlicn both thedibson ;ind Kitchin phenomena would 
emerge, fhis type of [tolicy might ari.se if the eentnil bank responds only 
to large movements in either series, since our spectral itnalysis ilcmonstrates 
that large movements in R tire assoeittlcd witli lt>ng cycles and large 
inovemerus itt / with short cycles. 


Theories Which Depend on Effects of Unanticipated Price Changes 
on Contracts Made in Nominal Terms 

(ihatiges iti the prtee level which rlo not affect relative prices shoultl 
have no real elleets and should hence not alleet the real interest rule if no 
intertemporal loturaets ate matle in nominal terms. Tratlitionally, a very 
large variety of eoiurai ls arc made speeilVing payments to he made at 
(lilferent limes which are denominated in money terms. When sucli 
contraeis arc made, unaniieipalcd juice changes have the eireel of re- 
disrrihuting income aero.ss individuals and jtossibly inducing real effects. 

We now develop a model in which these price-induced wealth redistri¬ 
butions can give rise to the (Jibson Parailo.x or Kitchin Phenomenon." 

lliiu'tirv obseivccl this temli’iicy clearly: “tioveiiimeiii.s do not want to 

hoiTovi troin their central banks (apart from quite leguiniate overrlrafls for a few day.s) 
exeejit at a itiue ot oseiwhelinmg linatieial stiain, and at suth a time the central banks 
ncirr resist llleir deinantls. . In faei of the exigencies of war, ntj reliance can be placed 
on tin inilependent eentral li.cnk to resist demands from the government. At such a time 
the govtanmt'fil is .iccepted by pubhe opinion as the sole authoritative exponent of the 
national iieed.s. If the directors of the eentral bank raise objt'ciions to the government’.s 
finanrial measuies, they will be overborne.” 

“ Much ol'this explanation is dravvn from Sirgel (197.al. Other price-induced dis¬ 
tributional explanations has'e retied on the existence of fixed noininat wages. Hawtrey 
(1913) theorized that unanticipated price changes result in shifts of wealth between 
workers and entrepreneurs because ol .sticky money wages in such a way as to cause 
corresponding shifts in capital productivity and the return on capital, but his theory 
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In this model, we assume that the economy is initially in stochastic 
equilibrium. Individuals will be divided into two groups. One group 
(demanders) wishes to hold net long po.sitions in nominally denominated 
assets such as consols. For simplicity we shall assume that the net supply 
of these a.s.sets is zero, so a second group (suppliers) must necessarily be 
short in these assets. I'or instance, a firm whose real capital stock is 
partially financed by bonds has the property that equity holders are net 
short in those bonds. Assume that the interest rate on bonds equilibrates 
the demand and supply. 

When the price level has risen unexpectedly, the wealth position of 
those long in bonds will have decreased, and the wealth position of those 
short will have increased by the same amount. A.ssume that each group 
wishes to maintain a certain fraction of its total wealth in long or short 
positions in bonds. An unexpected price ri.se will reduce the real supply of 
nominal debt in existence, but the demanders of nominal debt will .seek 
to increase their bond positions by only a fraction of this change in supply 
once their wealth has decreased. I'he net suppliers of debt will wish to 
increase the supply by more than the drop in the value of the bonds since 
their wealth position has been enhanced. Hence, at the initial equilibrium 
interest rate there will be an excess supply of bonds, and the interest rate 
will have to rise to equilibrate the market. 

We may, although it is not nccc.ssary, associate those who demand bonds 
as relatively ‘‘risk averse” and those who supply bonds (lever their 
investments) as relatively risk taking. If this is the case then unexpected 
changes in the price level change the relative wealth po.sitions of the 
relatis'e risk averse and relative risk takers in the economy. An unexpected 
upward movement in prices would tend to change the risk characteristics 
in the economy toward the preferences of the risk takers and conversely 
in the case of unexpected price declines. 

A change in the rate of interest on bonds hence may not be associated 
with any real change in the productive technique or quantity of capital in 
the economy,' ^ but only reflect changes in the income distribution the 
economy caused by unanticipated price movements. An increase in, say, 
risk aversion resulting from an unanticipated price fall will cause “sure” 
claims to trade at a higher price (and lower rate) than risky capital. 
This last point is particularly important .since, if we interpret the market 
rate of interest as the real rate of interest (as the data up to World War I 
suggest) then a deterministic model will suggest results that may not exist 


appears poorly developed. MacCaulay (1938), who resolutely rejected Irving Fisher’s 
explanation, fell that distribution effects, through their intiuence on levered firms’ 
profitability, were responsible for the flilwon Paradox. It should be noted, as Keynes 
(1930) so aptly states, that any short-run or business cycle explanation of the Gibson 
Paradox is insufficient due to its long-run nature. 

For a more delat'd discussion of this, see Siegel and Warner (1977). 
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in a stochastic world. A deterministic model would predict that the 
capital-output ratio in the economy would move inversely to the real rate 
of interest, and hence we would expect that the capital-output ratio would 
conform inversely to the historical interest rate pattern. Available 
evidence does not suggest any such countercyclical movements of capital 
intensity - no deepening during the latter half of the nineteenth century 
or "thinning” thereafter. Ocrtainly during the depression of the 1930s the 
capital stock did not rise. As nientioncd aliove, changes in aggregate 
distrihittion of income (and po.s.sihly risk preferences) can bring about 
such change.s without any concomitant changes in the capital stock. 

.A result of this theory is that the rate of return on real, unlevered 
ec|uity need not follow the pattern of the long-term nominal bond rate 
even if this rate corresponds to the real rate of interest. Interestingly, 
evidentr th.it stgtports constant unlevered returns afso supports one of 
Fisher's a.ssiimptions; that expected real rates were constant. We are also 
suggesting in this analysis that there may be a constant expected real as.sct 
rettirn, btti ditfer from Fisher in that we suppose that the expected real 
risk-free rate is one which will (luctuate with the (unanticipated) move¬ 
ments of the price level due to clislrihution eflects and not inflationary 
anticipations. 

(fin distrihution-elfeets explanation is consistent with the coherence 
]);ittern which characterizes the Kitchin Phenomenon, if wc add the 
assumption tliat there is some, say, white noise afl'ec.ting supply and 
demand for credit and lienee /, the short-term interest rate. Flic distri¬ 
butional ellects of unanticipated price changes arc likely to be temporary, 
if liir no more rea.son than that generations are finite lived. The high 
power of P at the lowest frecitiencies is thus not transmitted to /, and so 
lieeause of the other noise in / at those frecpiencies coherence, is low there. 
.Moretiver, since the power of P is low at the highest lfet|uencics, it is also 
probable that the hypothesized noise in / might swamp out the intluence 
of/’ on / at these frequencies, again producing low coherence. Ihus, the 
inverted U-shaped eoherenee pattern at tlie bottom of figure 3 which is 
high only at the middle frequencies might well emerge. 

We might also assume some noise component in the supply and demand 
for long-term bomis to explain why coherence is low for the higher 
frecpiencies between R, tlie long-term bond rate, and P. It is more difficult, 
liowever, to make a case for the concentration in the extreme low fre¬ 
quencies of the coherence between R and P. To explain this, we would 
have to as.sume that the effect of movements in P on the distribution of 
wealth is attenuated very slowly. 


Conclusion 

Our analysis confirms a long-cycle correlation between long-term interest 
rates and prices, popularly termed the Gibson Paradox, and a short-cycle 
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correlation between short-term interest rates and prices which we term the 
Kitchin Phenomenon. Long-term interest rates and prices display no 
significant short-cycle correlation; hence any “business-cycle” explana¬ 
tions of the Gibson Paradox are invalid. 

Our results suggest that it is probably unreasonable to suppose, as many 
have, that historical changes in long-term interest rates can be attributed 
largely to changes in inflationary expectations. Thus, historical mo\e- 
incnts in nominal yields arc probably a reflection of movements in the 
e.xpcclcd real long-term rate of interest. Second, it is also unreasonable to 
attribute historical movements in the price level to changes in the velocity 
of money. Long-run movements in the price level arise instead primarily 
from c hanges in the supply of high-power money, so an explanation of the 
Gibson Paradox which relicts on interest rate induced shifts in velocity or 
the money multiplier cannot be maintained. However, ii is possible that 
rentral bank behavior, in attempting to attenuate interest rate rhanges, 
will result in a correlation between high-powered money and interest rates 
and hence give rise to the Gibson Paradox. 

.Another possible explanation involves changes in interc.st rates that 
arise due to the effects of unantieipaled changes in the price level on 
contracts made in money terms. .\ price rise distributes wealth from 
creditors to debtors, wliich changes the interest rate which eejuilibrates 
demand and supply for nominally denominated assets. The extent to 
which this explanation explains the Gibson Paradox as well as the Kitchin 
Phenomenon depends on how cpiickly economic agents readjust altered 
wealth positions. 

Appendix 

Sources of Data 

Price data come primarily from iVliichrll and Deane (1962) and Miirhcll and 
Jones (1971). The Wholesale Price Index (whose Ion; is P) for 1846-1966 is the 
Sauerbeck-Stalist Overall Price Index, which is the index used by Kevnes in his 
discussion of the Gibson Paradox. The series was extended by linkiiu; lo it other 
series, multiplied by the ratio of the two series for 1 oveilapping year. Jn this 
manner, che Gayer Ro.stow and Schwaits Monthly Index ol Ilrtti.sh Cornmoditv 
Prices was linked to it for the years 1790-1846. 'I'o this in turn was linked Elizabeth 
Schumpeter’s Consumer Goods Price Index for the period 1727-90. Since the 
Statist scries was discontinued in 1966, the wholesale price index number of 
output ol manufactured products, total sales from the Central Statistical Oflicc, 
was linked to the Statist Index for the period 1967-73. 

The yield series R is basically that on British Perpetual Annuities from 1727 to 
1973, compiled by Homer (1963, tables 13, 19, and 57), Benjmning with 1753, 
there arc yields of 3 percent consols, redeemable at the option of the government. 
In the 1880s yields fell below 3 percent, so that the yields were prevented from 
falling much further by the possibility of redemption. Aftei the refunding of 1888, 
ihc 3 percent consols were replaced with new consols yielding 2^ percent until 
1903, and thereafter percent. Since the yields on consols were thus abnormally 
high in the 1880s, w^ere follow Homer’s suggestion and use yields on 2J percent 
government annuities for the years 1881-88, consol yields thereafter. 
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Bill rates / are taken primarily from Mitchell and Deane (1962, p. 460). From 
1824 to 1844 we use Overend and Gurney’s rates from Mitchell and Deane (1962) 
for first-class 3-month bills. From 1845 to 1938 we use the average of the annual 
means of the monthly means of the highest and lowest rales of each day on 
3-month bank bills (Mitchell and Deane 1962. p. 460, part B). From 1939 to 
1965 wc use the annual mean of the market buying rate on working days of 
3-monlh bank bills quoted in Mitchell and Jones (1971, p. 182). The most recent 
data were the 3-mon(h prime bank bill rale averaged over the year, from the 
Central Statistical Office Abstract of Financial Statistics. 

Gross Domestic Product (K) for the United Kingdom for the years 1870- 1965 
are those given in Feinsiein (1972, table 3, col. 9, pp. riO-Tll). Real Gross 
Domestic Piodurt {y) was foimed from Y by dividing Y by our price index P. 

The high-|x)wercd monev supply series //and the money supply series M arc 
basically those given iti Sheppard (1971). 'Fhc actual data wc used, however, 
were supplied to us by Anna J. Schwartz. Her series involves some minor judg¬ 
mental changes and updates Sheppard’s series based in part on recent data 
supplied her bv Sheppard. 
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The Relevance of the Two-Sector 
Production Model in Trade Theory 
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This paper examines how well the basic properties of the traditional 
2x2 model of a competitive economy, commonly used in much of the 
pure theory of international trade, generalize when more goods and 
factors are considered. The notion of factor intensity and the Hekscher- 
Ohlin, .Stolpcr-Sarnuelson, and Rybezynski theorems arc discussed. The 
role played by the no-joint-production assumption as oppiosed to small 
dimensionality in the latter two results is stressed. The mathematical 
appendix provides a compact and formal statement of the properties 
discussed in the text. 


The two-scctor, two-factor model ol' a competitive economy is by now 
standard fare in a number of fields in economics. In particular, the pure 
theory of international trade has made extensive use of the “2 x 2” 
model. As in any body of theory, the results and theorems obtained rest 
upon the entire set of assumptions. How crucial is the assumption limiting 
the number of factors and commodities to two apiece? The widespread 
use of the model suggests that the prevailing belief is tliat basic properties 
and theorems in some sense are capable of generalization. On the other 
hand, there are those who are strongly critical of the simple model pre¬ 
cisely because its dimensionality is limited to the 2x2 case. 

Consider the following sample of critical opinion. We begin with Ivor 

We wish to thank Ikushi Egawa, Winston Chang, Trout Rader, and Harry Johnson 
for comments on this paper as well as Bill Ethicr and Murray Kemp for earlier remarks 
in 1973 on preliminary work. A recent paper by Dlcwerl and Woodland (1977) provides 
an elegant model with some results in common with our own paper. I’his research was 
supported by the National Science E'oundation. 

[Journal of PohtKal Economy, 1977, vol. fl5, no, SJ 

tC' 1977 by The Unive^ty of Chicago. All rights reserved. 
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Pearce (1970), who devotes much of his book to challenging the useful¬ 
ness and general validity of the simple traditional trade models. Thus 
. . we shall again and again argue that it is in fact not possible to study 
problems involving factor prices in anything like a realistic way until at least 
three commodities and three factors arc introduced,” or, further on, 
. . many textbooks of international trade theory (even the most ad¬ 
vanced) lay a great deal too much cmpha.sis upon propositions which are 
true only for models with two lommodities and two factors of production" (p. 320, 
italics supplied). The latter quote is quite explicit in saying that at least 
some ol'ihe standard propo.sitions are false for economies with more than 
two cotnmoditics and factors. 'Phis of course goes further than the remark 
that it may be difficult to prove results in the case of many goods and 
factors without adding further assumptions. Murray Kemp (1971), in a 
review of I’earcc’s book, states with approval, “He shows that many of 
the familiar propositions of two-by-two-by-two trade theory do not carry 
over to larger and, from a policy-making point of view, more relevant 
systems” (p. 2r)l). I'inally, con.sider the following remark by IVank Hahn 
(1973); “It is well known that an economy with only two goods has a 
number of important pro|}erties wliich do not earry over to the general 
case” (p. 297). 

d he ptirptise tif this paper is to respond to these charges by considering 
how well or poorly the basic properties of the 2x2 model generalize. 
In the first section of the paper, we present the basic set of four propositions 
in the pure theory of international trade as typically set out for the standard 
model. 'Mils is followed by a section discussing a generalized notion of 
factor intensity, a concept central to the Heckscher-Ohlin theorem about 
trade flows. Section HI establishes a general form of the dual Stolper- 
Samuelson and Rybezynski theorems and points out that the crucial 
a.ssttinption upon which these properties rest is not small dimensionality 
but, ratlier, the lack of joint production. 

Two features concerning dimensionality are found in the 2x2 model. 
The first is that 2 is a small number. Tlie second is that the number of 
factors is the same as the number of commodities. Section IV of the paper 
discusses those properties of a general model that hold if the number of 
factors and commodities arc the same (the “even” case) but may not hold 
if there are more factors than commodities (the “uneven” case). The 
concluding section discusses some basic properties found not only in the 
2 x2 case but in much more general settings as well—in both “even” 
and “uneven” cases and in cases in which joint production appears. 

The discussion in the body of the paper is kept deliberately nonmath- 
ematical, primarily to establish that the properties being discussed rest 
upon simple assumptions about technology. The Appendix reconsiders 
some of this material in a more compact matrix format. 
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I. The Basic Trade Model 

The standard Heckscher-Ohlin model of international trade incorporates 
a set of propositions that reveal essential properties of the two-commodity, 
two-factor general equilibrium model of production. Of these propositions, 
four are central:' 

i) The Heckscher-Ohlin theorem links the pattern of trade to factor inten¬ 
sities and factor endowments. A country exports that commodity which 
U.SCS intensively the factor which is relatively cheap prior to trade. 

ii) The Factor-Price Equalization theorem suggests that free trade in com¬ 
modities is sufficient to cause factor prices to be equalized between coun¬ 
tries even if factor supplies cannot cross national botindaries. 

iii) The Stolper-Samuelson theorem states that an increase in the price of 
some commodity (through tariff policy, e.g.) must unambiguously raise 
the real reward to some factor of production. 

iv) The Rybezynski theorem points out that, if prices arc kept constant 
but the endowment of some factor rises, not all outputs can expand, 
riic production of some commodity must fall. 

It is convenient to group (i) and (ii) together and (iii) and (iv) together. 
At a superficial level, the Heckscher-Ohlin theorem and f actor-Price 
Equalization theorem seem to rely heavily upon an assumption that 
countries share identical technologies, whereas the Stolper-Samuelson and 
Rybezynski theorems stress the internal structure of a single economy, 
qtiite apart from levels of technology abroad. Indeed this seems especially 
true of the Factor-Price Equalization theorem, which is a razor’s-edge 
kind of result. If two countries have dissimilar technologies, any basis 
for an exact equivalence in factor-pricing structure (in the absence of 
international factor mobility) quite obviously disappears. In similar 
though less exact fashion, any .strong difference in the quality of tech¬ 
nologies between countries could outweigh factor endowment differences 
and upset the Heckscher-Ohlin theorem. 

At a deeper level, however, the essence of propositions (i) and (ii) is 
the link between factor and commodity prices in any particular country. 
The Heckscher-Ohlin theorem rests upon an as.sumption that unit costs 
can be disaggregated into components (labor costs, capital costs) and that 
changes in factor prices influence unit costs of various commodities dif¬ 
ferently, depending upon factor proportions. The Factor-Price F.qualiza- 
tion theorem, in turn, depends upon the delicate mathematical property 
of uniqueness of a factor-price vector for a given set of commodity prices 
for a single economy.^ The international trade application then follows 

‘ These are the same four propositions singled out by Ethier (1974) in a classic paper. 

^ For this reason we do not pursue an analysis of the Factor-Price Equalization theorem 
in the remainder of the paper. For discussion of this topic, see, e.g., Chipman (I9G9). 
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from the assumption that trade equalizes commodity prices between 
countries and, of course, that countries share a common technology. 

It is important also to point out that the standard Heckscher-Ohlin 
theory in the simple two-commodity, two-factor case does not argue that 
tlicse theorems must hold. Even the simple two-dimensional theory allows 
these theorems to he violated. For example, if the ranking of com¬ 
modities by factor intensities does not correspond between countries (the 
“factor-intensity reversal” phenomenon), the Factor-Price Equalization 
theorem cannot be .satisfied, and the Heckscher-Ohlin theorem must be 
viol.ated for at least one country.^ Dilhcultics of this kind obviously do 
not go .ivvay in higher-dimcn.sional cases. The point that is relevant here, 
however, is that the assumption of small scale (2 x 2) does not preclude 
a lieher variety of results. 

The .Stolper-Samuclson and Rybezynski theorems seem more robust. 
They depend only upon the assumption that each commodity is produced 
by combining the two factors in proportions that differ between sectors. 
Eat h is a diderenl reflection of the magnificatiun effect whereby factor prices 
and commodity output changes arc more widespread than commodity 
price and factor endowment changes, respectively (see Jones 1965a, 
19G5A; tir (iaves and Jones 1973, chaps, fi, 9). Properly qualified, this 
magnification effect docs not depend upon the number of sectors in the 
economy. 

II. Factor Intensities and the Heckscher-Ohlin Theorem 

In tlie 2x2 model with labor and capital the two productive factors, 
one commodity is said to be relatively labor inten.sive if the ratio of labor 
to capital employed in producing that commodity is greater than the 
labor/capital ratio used in the other sector. A double bilateral comparison 
is involved : a ratio of two factors compared between two industries. Such 
a concept of factor intensity can be carried over readily to a model in¬ 
corporating many factors and commodities. Just pick a pair of factors and 
a pair of commodities, and compare the ratio of factor use for the two 
industries. 

However, it proves more instructive to proceed along different lines. 
In the 2x2 model, alternative but equivalent expressions of the factor- 
intensity ranking were provided, on the one hand, by a comparison of 
the distributive share of labor in the two industries (0f,j and 0 ^ 2 ) or, on 
the other, by a comparison of the fraction of the total supply of each of the 
two factors employed in the first industry with If the first in¬ 

dustry employs a higher labor/capital ratio than does the second, then 02 .) 

’ That is, with intensities reversed, either each country exports the commodity which, 
to it, is labor intensive, or each country exports its capital-intensive good. See Jones 

(1956). 
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exceeds and, as well, the fraction of the labor force used in the first 
industry (Ati) exceeds the fraction of the capital stock employed by the 
first industry It is a variation on these comparisons rather than 

physical bilateral proportions that usefully generalizes. 

The intensity with which any sector uses a particular factor can be 
compared with the average for the economy. Let cc‘ represent factor i’s 
distributive share in the economy as a whole. In contrast, is factor i’s 
distributive share in the jlh sector. Let 




( 1 ) 


so that, if Zjj exceeds unity, thejth .sector is said to be “intensive” in its 
use of factor i. If each C/j- were weighted by the importance of factor i in 
the national income (a'), the weighted average for a// factors used in the 
jth industry, 


E 


a'z 


Ip 


would of course be unity. 

Along parallel lines, compare the fraction of lactor t used in industry 
j, Ajj, with the fraction of the national income represented by the output 
of industry j, <Xj. (Literally oij is pjXjY, where pj is price, Xj is output, and 
Y is the value of national income.) Industry^' might be termed “intensive” 
in its use of factor i if A,j exceeds tty Indeed, as it is easy to verify, the 
ratio Ajjetj is equal to z,j. 

The Z-matrix thus summarizes information about factor intensities. If 
an entry, Zip exceeds unity, industry j uses factor i intensively."* The Ztj 
can be compared with any other element in row i or column j. Each 
column refers to a particular industry’s use of each and every productive 
factor. Thus Zij exceeds z^j if exceeds If so, industry j is intensive 
in its use of factor i relative to its use of lactor h. Such a comparison would 
be useful in answering the following question: If factor prices arc given 
and the /th output rises (all other outputs constant), docs the demand for 
factor i rise relatively more, or less than the demand for factor /;? The 
answer is more, if Zij exceeds Cjy.* 

It is a comparison of elements in a row of the Z-matrix that supports 
the extension of the Heckschcr-Ohlin theorem to a world of many factors 


* Dual interpretations of this concept of intensity are discussed in Section V. 

* i.et aij denote the amount of factor i used per unit output of commodity j. If factor 
prices are given, a^j is determined. The total amount of factor z used in the economy, K,, 
is 

2 Oil’ll- 
$ 

ITiereforc, if only output j rises (and factor prices are fixed), V, = Afjiijy where '' over a 
variable denotes a relative change {x is dxfx). 
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and comniodilics. d iir underlying rationale for the Hcckscher-Ohlin 
theorem is llie connection between (actor prices and unit costs. Unit 
rY)sts (r^i arc equal to the sum of (actor components. Thus 

+ «2/C2+ • ■ • + a,jW, = Cj. (2) 

I'akinij small changes (and letting .v he tiefined as dxjx), 

(),,ic, + • • • + 0,/v, = Cj. (3) 

1 Ins result piesupposes that firms attemjrt to minimize costs. For any set 
ol facloi |)rices, c- is minimi/ed when 

IS leduced lo /eio. Now suj)|)ose all vve know about two economies before 
trade is that in the first of them the return to factor 17, «’, 7 , is lower than 
m die other. 1 hen industries ran be ranked from highest 0 | 7 ,j to lowest 
fl |7 ,, and such a (actor-intensity ranking would serve as best guide to the 
ixteni lo which dilfers in the two countries Itefore trade and thus to 
the patlein ol tiaide. I his of course is oiiK a partial analysis, as differences 
m other lactor jirices also alfeti costs. Bui the ralionale for each factor- 
prii'e ddlereiK'c bctwci'ii coiuttries adi'cting unit costs is the same. The 
unpai I on costs <ind the trade jrallern depends u]x>n factor-intensity 
lankings jireciscly as in the 2x2 model. 


in. The Magnification Effect: Stolper-Samuelson and 
Rybezynski Theorems 

In the 2x2 model, ,ui inticasc in the |>iirc of one commodity causo.s 
one l.uioi return to rise relatively more than this price and another factor 
leliiiii lo l.ill, fliis .Stolper-S.imuelson version of the magnification effect 
ol I onimodit\-|iiice changes on (at ttir prices holds regardless of the number 
ol fiiclors and lommodities in the model, as long as there i.s no joint 
liroduelion. ’fit.it is, this iiuu h-eitctl feature of the 2x2 model is based 
on a comnionly assiiincd fcatiirc of Icchnology: that each productive 
process combines more than one inpvit to produce only one output. The 
jirotluetive structure is jiyraniidical (.see fig. 1). 

No eornplieated malhematics is retjuired to establish this assertion, 
{ oiisider equation (3} Jbr all those commodities actually produced, so 
that unit costs, r^, represent prices,Eejuation (3) stales that each price 
change, }>^. is a positive weighted average of all factor-price changes. 
That is, each pj must be trapped between the largest and the smallest of 
the iCj’s. Such a relationship holds for every commodity produced in 
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po.sitive quantities. Thus, if conunotlities are numbered so that > 
p 2 > ■ ■ ■ > (>„, there must exist at least two factors, i and h, siirh that 

iv; > p^ > ■■■ > p„ > (4-) 

This proposition is in no way limited to 2 x 2 models.^ 

As a special rase, suppose that only one commodity price rises and all 
other commodity prices remain constant. Then at least one factor of 
production finds its real reward unambiguously raised, and at least one 
other factor reward falls. This basic generalization of the Stolpcr- 
Samuclson result follows directly from the assumption of no joint produc¬ 
tion and is independent of the dimensionality assumption as to the 
number of factors and commodities.^ Of course we would like to know 
more which factor prices rise and which do not. .\nswers to these de¬ 
tailed compositional questions depend upon a description of the tech¬ 
nology for each and every commodity-factor share and (in cases in 
which the number of factors e.\ceeds the number of commodities) elas¬ 
ticities of substitution between factors, (ihipman (1969), Kemp and 
Wegge (1969), Inada (1971), L'ekawa (1971), and others have investi¬ 
gated special sets of restrictions that allow detailed results in the n x ti 
case to correspond to those in the 2x2 case. The basic “magnification 
efiTect” for prices is independent of such restrictions. 

If joint proiluction takes the special form in which a single input 
produces many outputs (sec fig. 2), the Stolper-Samuelson type of result 
would be reversed: the distribution of output prices would be wider than 
that of input prices. Each input-price change would be a positive weighted 


In some special cases ihc stricl iiieijuuiity at the beginning or end of this chain would 
not hold. The Appendix explains more carefully the conditions required lo ensure strict 
inequalities here and subsequently in the text. As the emphasis on the lack of joint produc¬ 
tion may suggest, we assume that at least two factors are employed in each productive 
activity (and, further, that every factor is employed in at least two sectors). 

^ A simple proof for the "even” case (n x n) involving the share matrix and its inverse 
IS provided in F.lhier (1974). In these remarks we continue to assume that any commodity 
whose price changes continues to be produced. 
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outputs 




input 


avciasi: ofcommodity-pricc changos.** Again, it is the asymmetry between 
iti[nils and ovitpnts in the prodnrtive strurtiirc that accounts for the basic 
theorem eslaitlisliing asymmetry between the changes in input and output 
pri<-es.‘' 

The magnification effect linking changes in commodity and factor 
prices is also revealed in the dual ranking of endowment and output 
changes in the liasic 2x2 mode). The special case in which the endow- 
tneril of only one factor changes leads to the K.ybci:yn.ski result: if prices 
arc cori.stani, (he output of.some coimnodity must fall.'® But there is a 
potential ambiguity in tbe preceding statement of the theorem, Which 
set of prices is assumed constant? In the 2x2 world, commodity and 
laclor prices ai c Utcally unicpiely linked so that, if one set of prices is held 
eoiisi.uit, so is the other, I’airly weak conditions suffice to establish in tlie 
n X n e.tse iliat /iictilly factor jiriccs and commodity prices arc uniquely 
linked las opposed to the stronger conditions needed for global factor- 
pri( e t'((\iali/.atiori, as in (jalc and Nikaido ) and (Ihipman [1969]). 

riic ambiguity ari.scs in the ca.se in which the number of factors exceeds 
the number of produced comiiiodities. Suppose commodity prices arc 
fixed in such a model. Let (he endowment of some factor rise. This results 
in an outward shift in the transliirmation surface and (at the given com- 
modiiv juices) a unique change in outputs. But factor prices are also 
disturlied and with them techniques. Thus holding commodity prices 
constant is dilfercnt from holding factor pricc.s (and all techniques) 
constant. 

“ If Ls a branch of cronomirs tliui employs the basic assumption that each input 
produces iniiny outputs. This is the “new” th<*ory ol demand associated with the work of 
Laucasti r (1971), in which each conrimodily (input) providi's a variety of characteristics 
(outputs) of value to consurneis. 

“^Joint jiroductiori may not involve .such asymmetries: many inputs may be required 
to pioduce, jointly, many outputs. But an asymmetry can be created by focusing on the 
concept of a production jirocess (one) involving many inputs and many output.s. Indeed, 
a central issue for trade theory would be the question of where the processes are located 
and how factor intcn.sities and factor endowments are instrumental in determining loca¬ 
tion patterns. 

*°The basic reference i.s Rybe/ynski (195.*)). See also Jones (1956). Duality to the 
Stolper-Samuel-son result is discussed in Jones (196.5a). 
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To see why this is an important issue, consider the basic relationship 
between outputs and a typical factor endowment (Fj), if that factor is 
fully employed: 

a.T^i + + • • ■ + a,^„ = V^. (5) 


Let the initial equilibrium be disturbed by a change in factor endow¬ 
ments, with no restriction on factor prices. If full employment can still 
be maintained, 


+ -‘■i 


4- ■ ■ * + 



( 6 ) 


r.ach 7 ,j represents die fraction of factor i that is employed in tlic ;lh 
industry. If factor prices are kept constant, the term 




tii.sappears as techniques are unaltered. If such is the case, the form of 
(6) looks much like that of (3). Eacli endowment change, F,, would be a 
positive weighted average of all the output changes, and this would once 
again reflect the assumption of no joint production. 

These remarks suggest that, if the factor price commodity price link is 
not unique, the generalization of the Rybezynski theorem should be 
[ihra.sed in terms of constant factor prices. This would, we feci, be in- 
•ippropriatc for the following two reasons. First, if ihc number of factors 
exceeds the number of commodities and if factor prices are held constant, 
relationships such as (G) cannot hold for all factors. liven if all factors arc 
initially fully employed, they cannot remain so unless all factor endow¬ 
ments expand in proportion. Second, the remarkable reciprocity relation¬ 
ship show'n in (7), which serves as the basis 


f'lt’i _ 

" dF. 


( 7 ; 


lor the dual relationship between the .Stolper-Samuelsnn and Rybezynski 
results, assumes (in the PxJcV, term) that all commodity prices are held 
constant.' ’ We postpone until Section V a proof of this relationship. 

The case in which the number of commodities exceeds the number of 
lactors is different. If commodity prices arc arbitrarily chosen, with no 
link to local technology, the economy would tend to specialize to produce 
no more commodities than factors. On the other hand, a closed economy 
consuming and producing all commodities has its commotlity prices 
reflecting local costs. For example, consider a Ricardian (one-factor) 
economy producing n goods on the interior of a flat transformation 
surface. Suppose that the labor endowment expands but commodity 


'' This relationship was stated and proved by .Samuelson (1953). 



JOURNAL OF POLITICAL ECONOMY 


piK 

prices stay cnnstant. Without information about tastes, of course, output 
rhatiges are not iinit|uely determined. But for any feasible output changes 
it must be the ease that the relative change in the labor endowment is a 
positive weighted average of the relative changes in outputs. Outputs 
culler all rise in the same proportion as labor, or some rise more and 
others less If tliere .should be more than one factor (but still many more 
gfiods) anti the endoument of one of them does not change, at least one 
output falls. 

IV. “Even” versus “Uneven” Cases 

rii(' 2 ^ 2 model is ‘ esen” the same number of factors and com¬ 
modities (leueiali/tatioiis to higher dimensions need to account not only 
lor ■even ' n y n lersioiis but also for eases in which the number of 
eoiiitiiodilies, n, dillers fioiit the number of productive factors, r. (iiven 
the lendeiu y to speeuili/e in open economies if n > r, here wc restrict 
ourselves to the ■'imeveti" ease in which r > n. 

I'lie Stolpei-JSamtielson generalization discussed in the preceding sec¬ 
tion was not restricted to the n x ti case. A relationship like (4) reflects 
the .ibseiue of joint production For example, if just one commodity 
piice, /t^, 1 ises, some factor price must rise in greater proportion, and 
some other factor price tntisf fall. But must e.arh factor in turn play these 
exlrenie roles I'or some eoiimiotlity-prite changes.^ 

In ex.'imining this tpiestion, consider .i simple version of an “uneven” 
e.ise. it is the "speeifie-liietors” model or what Sanittelson has termed the 
''Kie:trclo-\'iii( r" model.Restrict the number of eoinmodities to two, 
.md Mipiiose that one seeloi uses capital and labor and the other uses 
hmd and lahot ( fifhtal ami land are caeli speeitir to one sector, while 
l.ibor IS mobile it can be used in eilber sector and earns tlie same return 
111 caili. N'ow consider liow the vsage rate is affected by a rise in either 
(■ommodilv pi ice. Labor is attracted to wbicliever sector benefits from the 
price rise, Tberefoie l.iboi's marginal pioduet must rise in the sector in 
w liicli [11 It e IS eonslaitl (.since the ratio of labor to the specific factor there 
fallsl flic wage r.itc niiist therefore ii.se. But in real terrn.s the wage rate 
falls m the sei loi w here price has risen. To be explicit, if p, > 

f>, > w > /u. 

Labor plays an “Intermediate” role. It is never the extreme factor. 

In the even n x n case, with perhaps idl factors mobile from sector to 
sector, this kind of bi bavior cannot arise. In particular, the following 
result can ea.sily be proved: ij the number of factors equals the number of 


' ^ J fus niDiici Is (lisciisseil in [lines t IU7I, luy'ih .Samuelson (1971), Mayer (1974), and 
Miissa (1974). 
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commodities, every factor has at least one natural enemy. That is, pick a factor i. 
It is always possible to find a commodity, such that, if the price of j 
rises and no other commodity prices change, id,- must fall. In this sense 
industry j is a “natural enemy” of factor i. 

The proof is simple and makes use of the reciprocity relationship, (7). 
In the “even” case, ask what happens if, at constant commodity prices, 
the endowment of factor i, F,., should expand, all other endowments 
constant. Because n = r, factor prices and techniques arc also constant. 
From relationships like (6), simplified now with every zero, we know 
that for somej, k, 

> T; > 0 > (8) 

Each factor endowment change Ls trapped between output changes. 
Since all endowments other than V, are con.stant, some must fall. The 
reciprocity relationship, (7), then ensures that, if commodity ; experiences 
a price rise (all other prices constant), the return to factor t would fall. 
In the even case, every factor has at least one natural enemy. And, as the 
specific factors model reveals, this is a peculiarity of even cases not neces¬ 
sarily shared by the uneven cases. 

If in the even case every factor has a natural enemy, docs each factor 
as well have at least one unambiguous natural friend? That is, I'or each 
factor, i, is it possible to find at least one industry, k, for which le, > 
ifrises with all other commodity prices constant? Can dual relationship 
(8) be used to establish this? No. What (8) proves is that for each factor, 
i, there is some industry, k, such that, if V, rises (all other endowments 
constant), 

(Wi V,' 

Reciprocity relationship (7) identifies OxJdVj with dwjjdpf^. Thus 


or, in relative terms. 





(If ^ 


where, as before, a* is factor i’s share of the national income and is 
the share of commodity k’s output in the national income.' ^ If factor i 
is unimportant enough, in the sense of a low factor share, compared with 
a*, then indeed commodity A: is a natural friend in the sense that l^J^ 


* ^ For a discussion of the relationship between Stolper-Samuelson terms such as 
and Rybezynski terms such as see Ethier (1974] and Ruffin and Jones (1977). 
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would exceed /j. But no general proof along these lines can be con¬ 
structed. 

To establish this, consider the following counterexample.' Let 


O' = 


0 




2 ■ 
■m 
^ 6 
7(f 2 0 

-<■_ ,9, 

15 1 5. 


1 ) 1 ' the matrix of distributive share.s in a case of three factors and three 
( omin<iditie.s. Llemcnts in each row refer to the factor shares in a particular 
industry and thus must add to unity. The inverse of this matrix is 


(O')-' 


9 

1 0 

2 1 

“ 1 0 
7 


5 “ T (T 

24 17 

5 ~ I O 

16 14 

~ S 5 . 


Lach row .shows what would happen to a particular factor price if each 
rominodity price, in turn, were raised. For example, the , entry in the 
third row, first column, shows that, if the price of the first coininodity 
w'cre to ri,sc by 10 percent, other commodity prices constant, the return 
to the third factor would rise by 14 percent. Now focus on the first row. 
No entry exceeds unity. It is not possible to find an industry for which 
protei tioii (a price rise) would unambiguously raise the real return to 
the first factor. .Some retttrn would have to rise -for example, that of the 
second factor if the second price rises. Note also that each row has a 
negatise entry every factor has a natural enemy. 

In (he original literature, the Stolper-Saniuelson result aimed at 
eslahlishirig an unambiguous winner when a commodity price rises. 
Theic will always be at Ica.sl one, hnt, as shown above, not every factor 
can rely upon some conuriodlty-price rise (or combination of price rises) 
to improve its real position. Thus carle blanche in imposing tariffs may 
not prove sullicicnl to raise the real wage of some factors, even in the 
n X n (even) case. 

In contrast, cnnsidci the Rybezynski result. It purported to show some 
fulling when the endowment of some factor increases, other endow¬ 
ments (and commodity prices) held constant. This must be the case if 
(lie number of factors equafs the number of commodities—this was shown 
by (8). But if factors exceed commodities in numlier, no output need fall 
as one endowment rises. The specific-factors model again provides the 
illustration; at constant prices an increase in mobile labor causes all 
outputs to rise. Nevertheless, the following Rybezynski result does 
generalize: for each output, j, it is possible to find a factor of production, 
I, such that if F, increases (other F’s and p’% constant) Xj must fall. In this 
sense each industry has a natural enemy. Proof: for each commodity, j, 


This matrix appears in Uckawa (1971), 
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there is some factor, i, such that te, falls if Pj rises. Using the reciprocity 
relationship(7), an increase in V, must reduce Xj. 'I'he number of factors 
may exceed the number of commodities. 


V. General Properties of Production Models 

Some proptertics of the 2x2 model hold in a wide variety of cases, in¬ 
cluding both even and uneven cases (still assuming r > n) with large num¬ 
bers of factors and commodities as well as ca.ses involving joint production. 
To conclude this paper we consider three such properties, the last of them 
the basic reciprocity relationship already stated in equation (7). 

The appropriate degree of generality is attained by considering a set of 
productive activities. The unit level of activity j involves a set of inputs, 
a,j, and a set of outputs, The competitive profit conditions maintain 
that in equilibrium unit costs cannot fall short of the value of operating 
the activity at unit level. Thus 

2 ^ H (9) 

i k 

If actual losses are made, the level of the activity, Sj, would be reduced 
to zero. For activities involving positive production, unit costs are reduced 
to a minimum by appropriate choice of techniques. This entails 

u), daij - Pl>kj = 0. (10) 

I k 

1 herefore, differentiating (9), we obtain 

a,j dwi j Ajj dp^. (11) 

i k 

The equality sign holds if production level Sj is positive. The inequalities 
lo not disturb matters, since each relationship in (11) is now multiplied 
by the activity level. Summing over all j, 

12 12 “u <^“'1 = 12 12 ^kj dpk, ( 12 ) 

J i J k 

or 

12 VidWi = Y2 >=kdpk- ( 13 ) 

i k 

This can also be written in relative terms as 

2 ^ a'lA, = 23 (14) 

1 k 

where the a‘ are input shares in the national income and the aj are output 
shares. 
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Expression (14) states a widespread property of any general equilibrium 
model in which monetary factors are excluded so that the prive Uoe/ has 
no real impact. It accommodates an equal proportional change in all 
output and input prices. 

I'he second general property is .similar to (14) except in involving 
physical outputs and inputs instead of prices. It states, 

XI a'K,. = 22 Vi- (IS) 

‘ J 

Assuming there is no technical progress, (l.'i) asserts that any changes in 
factor endowments are matched, in the aggregate, by a change in physical 
outputs. The weiglits are once again the input and output shares in the 
national income. Relalionsliip (l ,i) is derived by considering the equality 
between tlie two ways of expressing national income: 

52 = 52 A-b- (’6) 

Diderenliate (10) and cancel the price variations by using (H) to obtain 

A special case of (15) involves a general statement of the marginal 
firoduetiviiy relationship. .Suppose only one factor endowment, F,., 
changes. I hen (15) ran he written as 

(17) 

litis idi-niihes the competitive return to factor i as the change in the value 
of aggregate output at initial prices that would accompany an increase in 
I'l of one unit, liie reitiarkable leaturc of (17) is that prices arc not 
necess.irily beitig held constant, nor arc techniques of production ncces- 
saril)' .sinoothly flexible, nor indeed is joint production ruled out. 

Section II of this [taper allueled to dual interpretations of the concept 
of factor intensity embodied in the Z-matrix where c,,- referred either to 
Oija' or to Aif/aj.' ^ Industry j was said to use factor i intensively if Z/j 
exceeded unity. This involves a comparison of j with the economy as a 
whole. Supftosc that endowments are held constant but te, is raised by 
1 percent. As (14) suggests, the aggregate price level is in this case raised 
by the fraction «' of 1 percent. In contrast, single price is raised by the 
fraction (1,-^ of 1 percent. Industry^ is deemed to be intensive in its use of 
factor 1 if a given change in has a relatively stronger impact on the price 
of commodity J than it does on the aggregate price level. 

The dual interpretation of Zij utilizes (15). Suppose the economy wishes 
to expand output in thejth sector by 1 percent, without reducing output 
in any other sectors and without changing techniques. This would require 



‘ * Wc asaunir now lhal there is no joint production. 
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an increase in the economy’s factor endowments. As (15) states, the out¬ 
put share, iXj, would express the fraction of 1 percent by which demand 
for all productive factors rises. The the fraction of F,- used in thej'th 
industry, expresses the fraction of I percent by which demand for factor i 
is increased when Xj expands by 1 percent. If is greater than unity, an 
expansion of output increases demand for factor i by a greater relative 
amount than it does for resources on average. In this sense j is factor-i 
intensive. 

Both properties (14) and (13) are crucial in establishing the basic 
reciprocity relationship captured by (7). National income, Y, is expressed 
cither as the sum of factor payments, 

h 

or as the aggregate value of output, 

2 Pk '‘k- 

k 

Diircrentiate the latter expression with respect to holding all other 
commodity prices and all factor endowments constant. This yields 


dlj 




Such a price change in general causes outputs to respond along the 
transformation schedule. But relationship (1,5) states that, if all endow¬ 
ments arc fixed, the aggregate value of output changes at initial prices, 
Y. A uiust vanish. Therefore 

YY 

h 

In similar fashion, diflcrcntiate 1 expressed as 

H 

with respect to F„ holding all comiuodity prices and all other factor 
endow'mcnls constant. Thus 


(18) 


dr 


dii\ 




In special cases (the n x n case) each factor-price change is zero because 
commodity prices are being held constant. But in any event the sum 

A 
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must vanish by (14) if each commodity price is held fixed. Thus 


£21 


(19) 


I'hc reciprocity relationship, (7), follows by differentiating (18) with 
respect to [/, and (19) with respect toand equating the second partials 
of income with respect to pj and regardless of the order of differentia¬ 
tion. This relationship can also be used to link relative changes in factor 
and commodity prices (the Stolper-Sainuelson terms) on the one hand 
and relative changes in outputs and endowments (the Rybezynski terms) 
on the other;'" 


a' . 


P. 



( 20 ) 


1 his rel.iliftnship underlies (he asymmetry established in the preceding 
set lion: in the n x n case each factor had a “natural enemy,” since a 
negative .\J I Implies a negative wjpj. But each factor need not, in general, 
have a “natural friend,” since a value of Jq/f',- greater than unity is no 
guaraniee that (c,/^, also exceeds unity. Factor and output shares arc 
also involved. 


VI. Concluding Remarks 

1 he Iwo-sectur model of production as used in the theory of international 
trade has a rich variety of properties. 'I'his paper has shown that relatively 
few ol I hem ai c directly dependent upon the small dimensionality repre¬ 
sented by two commodities and two factors. The concept of factor inten¬ 
sity anti the rationale of the Heckscher-Olilin theorem generalize readily 
to higher-dimensional cases. The crucial assumption supporting the 
.Slolpei-Samuelson and Rybezynski theorems is the absence of joint 
[irodut lion. Identifying the detailed composition of output and factor- 
price changes is diHicult, in higher dimensions, but the existence of 
magnilieation effects, especially in the even ca.se in which the number of 
factors er|uals tlie number of goods, is easy to establish. Throughout, the 
argument has deliberately been kept free of formal mathematics. The 
.\ppendix provides an alternative formal treatment of the general model. 

Mathematical Appendix 

l.et technology be summarized by an r x n nonnegative matrix of input-output 
coefficietils, J. The number of factors, r, is greater than or equal to the number 
of commodities, n. Each element of A, a,j, is assumed to be a unique zero 

' ^ I'his relationship is also discussed in Ruffin and Jones (1977). Note that endowments 
and all p,, k ^ ;, arc held constant in and all commodity prices and all fi,, 

h ^ i, arc held constant in {xjIV,). 
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a,j = aij(w„ ..., w^). (Al) 

We assume this can be differentiated to yield 

r 

^ (A2) 

I 

where a‘ij is defined as daijjdwf^. Of course each aij is negative (or zero), and 

X £o*a}i = 0- 

k 

Suppose that the technology possesses sufficient flexibility to allow full employ¬ 
ment. With joint production ruled out and with x representing the vector of out¬ 
puts and V the vector of factor endowments, the full-employment conditions can 
be staled as 


Ax = V. 

(A3) 

Consider the ith factor. For small changes, 


^ Xj da^j + ^ dxj = dV^. 

J J 

(A4) 

Substitute (A2) for da^j to obtain 


Uk </“'4 + “ij dxj = dV„ 

(A5) 


k • J 


where s^|f is defined as 

•'ik = ^ 
j 

The Sff^ shows how the economy’s demand for factor i would respond at unchanged 
outputs as the return to factor k rises. Each is negative (or zero), and 


k 

In matrix notation, the differentiated full-cniploymeni conditions can be 
written as 

.V dw + A dx = dV, {A6) 

where S is the r x r matrix dw the r-element column vector (r/iej), and d\ 

the n-elemcnt column vector {dxj). 

The dual competitive profit conditions, assuming that all industries operate at 
positive levels, are shown by 

A' • w = p. (A7) 

With technology sufficiently flexible to yield full employment, we now assume that 
all factor prices and commodity prices arc strictly positive. Cost minimization in 
each industry ensures that 
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so that the equations of change, in matrix notation, arc 


-4' ■ dw = dp. 


(A8) 


It proves convenient to write equation sets (A6) and (A8) together as 
: ^] [dw] _ [dV^ 

A' ; oj [ ~dx\ [ dp] ■ 


(A9) 


Proper lies of this partitioned matrix and its inverse arc discussed below. For easy 
rt'lerenct', lei 


B s 



(A 10) 


I'he sLibstilution matrix A' is symmetric and negative semidefinite. We will 
assume that we have a regular minimum of the cost function (see Samuelson 1947, 
p. tjfl); that IS, the corresponding substitution matrix .S'-* for each commodity 
satisfies u'S^u < 0 lor every nonzero « not proportional to Hence we have 


u'Su < 0 foi tt not proportional to tc, « + 0. (All) 

In particular, .S has rank r — I and a negative diagonal, since te is a strictly 
[xisitive vector. 

Also, since p is a positive veetor, (A7) implies that, if « 4= 0 and A'u = 0, then 
u is not proiiortiorial to te. Hence, if « + 0 and A'u = 0. by (All), u'Su < 0. 
Hence Jl is a bordered matrix that repre.sents a quadratic form which is negative 
definite under eoiislrairils. In particular, ifr > n. B has full rank n + r, since the 
rank of .4 is n (see Caralheodory 1967, pp. 193-96; and Samuelson 1947, pp. 
371i-7'lj. Its inverse is written as in (AI2): 


s 1 

'1'' [ 

o' 

.4' j 

oJ ' [r;' 

L 


rile inverse of B h;is some known properties (see, once again, Caratheodory 
1967; and Samuelson 1947). In particular, K is symmetric and negative semi- 
defimte with rank r - ii. 

.Solving for {dw, d.\}, we obtain 


div K I <7 dV] 
d.r " G’ ; L dp] 


(A 13) 


It IS clear that the A-matrix answers the following question: What is the impact 
of a change of factor endowments on factor prices if commodity prices are kept 
constant? .Since A has rank r — n, it is clear that in the even case, n = r, the 
A-inatrix reduces to a zero matrix. I'his is the factor-price equalization result. 
But ifr > ri, factor endowments would have an impact on factor prices. However, 
it is not true that A must have a negative diagonal. That is, even with r > n, an 
increase m a factor endowment does not have to lower (although it cannot raise) 
that factor’s price at constant commodity prices. For instance, if a good uses only 
one factor of production, that factor’s price cannot change no matter what 
happens to its endowment, since the commodity price is being held constant. 


' This restriction on the values of u is necessary because the homogeneity property 
requires that 

2 01 , 1 ,, = 0 . 
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More about K can be learned by writing explicitly the equation BB~ 
in (A14): 



1 


= I, as 
(A14) 


NoticethatO = A'K = Hence all vectors of endowment changes which are 

linear combinations of columns of A leave factor prices unchanged.*® Further¬ 
more, since the rank of /f is r — « and the rank of is n, those arc the only vectors 
of endowment changes that leave factor prices unchanged. Hence (AI5) holds: 


Ku = 0 iff a = Aq for some n-vector q. (A15) 


It follows that, ij every r — 1 rows of A contain n linearly independent vectors, then the 
diagonal elements ofK. are negative. To see this, observe that, sinec K is symmetric and 
negative semidefinite, if u'Ku — 0, then Ku = 0. Let e^ denote the r-vector whose 
ith coordinate is 1, and all other coordinates are zero. If K^^ — e\Kei = 0, then 
Ke^ — 0, and by (A15) there exists ^ + 0 such that Aq = e,. Such q is then 
perpendicular to every row of A except the ith row. By assumption, there exist 
n linearly independent n-vectors among those r — I rows of A. Hence q is an 
K-vector perpendicular to n linearly independent n-vectors, and hence 9 = 0. But 
this contradicts Aq — e,. 

If the condition slated above is not satisfied, then a change in the endowment 
of one factor may not affect that factor’s price. To see this, consider 



Z 

I 

I. 


If 1 ; = (-1, I), then Aq = e,. Hence Ae, = KAq = 0, since KA = 0. Hence a 
change, in the first factor endowment docs not change any factor prices. But 
notice that in this case, if we leave out the first row of A, we obtain a matrix of 
rank 1, and hence the hypothesis of the theorem is not satisfied. This illustrates 
the importance of looking at the rows of A, that is, how each particular factor 
enters the input-output matrix. 

A simple diagram can point out the importance of the rows of A. Suppose that 
all factors arc fully employed in a three-factor, two-commodity model. The ith 
row of A shows how the two outputs arc constrained by the limitation of factor 
F(. This constraint is linear, and for full employment all three constraints must 
intersect at the same point, as in figure 3. Clearly a change in any single factor 
endowment would no longer entail a common intersection point. Therefore factor 
prices would have to change. However, suppose that rows 2 and 3 of ^4 were 
linearly dependent. In such a case the Fj and Fj constraint lines in the diagram 
would be parallel—and full employment would necessitate their lying on top of 
each other. A change in the endowment of factor 1 could thus be accommodated 
by output changes without the necessity of any change in factor prices. Note also 
that, if all endowments expand proportionally to the input requirements in 


** Suppose that endowment changes are proportional to the input requirements for 
commodity j. Then at constant commodity prices these endowment changes can be 
exactly at^rbed by changes in j'v output without requiring other outputs to adjust or 
techniques (through changes in factor prices) to be altered. To see that only j’s output 
changes, note that (AI4) provides that A'G = / *: G'A and that, by (A13), dx = G'dV 
at constant commodity prices. Therefore, if dV (nonnegative) is proportional to the jth 
column of A, dxj is positive, and dxi = 0 for all k ^ j. 
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Fig. 3 


till' common inlirscction point shifts to the right—an increase in At, output alone 
can maintain full employment without any change in factor prices.*’ 

rite 1 } X n submatrix /, relates output changes along a given transformation 
.surface to commodity-price changett. From (A14), we have 


'Fherefore 

or 


SG + M. = 0. 

AL = -SG, 
GAL = -G'SG. 


Hut, wheti the second row of the W-malrtx is multiplied bv the second column of 
li" we obtain 

.it; = /, (A 16) 

or. what is the same thtng, 


rherefore 


G'A = /. 

L = -G'SG. 


Pre- and posimultiply h\ a vector, .v, to obtain 

x'Lx = -{GxYS(Gx). (A 17) 


fhe negative semidefiiiiteness of S establishes that L is a positive sermdefinite 
matrix. Using the fact that the rank ol S is assumed to be r — 1, one can show that 
L has a pontive diagonal whenevei n > 2. For •r/-,, = 0 , we have (using [A17]) 
0 By (A11) this means that Ce^ — ctw for some real number a- 

However, (Alb) and (A17) (together with [A7]) imply that = A'Ge^ = 
A'au' == ap. If > 2, this means that some coordinate of the price vector is zero, 
which contradicts our assumptions. I'hus, as we would expect, a rise in any com¬ 
modity price must increase the output of that commodity along the (strictly 
bowed out) transformation surface.^^ 

Note the roles of G and G', as shown by (A13). The G-matrix reveals how a 
change in commodity prices affects factor prices as of given factor endowments. 
The G'-matrix links endowment changes (at constant commodity prices) to 


See the discussion in n. 18 above. 

^0 If n = 1 and factor endowments are constant, output cannot respond to price. A 
positive diagonal for L presupposes the existence of at least one other sector from which 
resources can be drawn when the price of some given sector rises. 
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output changes. That these matrices are indeed the transposes of each other 
confirms the Samuelson reciprocity relation. It proves convenient to alter the 
^-matrix so that the relationship between V and on the one hand, and w and 
.f, on the other, can be displayed. Both the Stolpcr-Samuelson and the Rybezynski 
results deal in these relative changes. 

Return to the basic equation set (A9). Rewriting in terms of relative changes 
yields 



(A 18) 


The Ofj is the element {wj ■ Sij)jVi- It is a substitution elasticity, showing the per¬ 
centage of change in the economy's use of factor i (at unchanged outputs) asso¬ 
ciated with a 1 percent increase in the _/th factor price. The a has a negative 
diagonal and zero row sums. The X is the r x n matrix of factor-allocation co¬ 
efficients. Thus Xij is a^jxJVi^ the fraction of the ith factor employed in the jth 
industry. The >l is a nonnegative row-stochastic matrix. The 0' is n x r, a matrix 
of distributive shares. The 0,j is, of course, wfiijlpj. The O' is also row stochastic, 
so that the entire matrix is row stochastic. We are primarily concerned with the 
properties of the inverse matrix 



(A 19) 


The M- and >J-matrices are closely related to the K- and L-matriccs already 
discussed. They serve to put factor endowment-factor price and commodity 
price-commodity output relationships into elasticity form. Stolper-Samuelson 
results are displayed by N and Rybezynski results by (?. It is to these we now turn. 
We assume at the outset sufficient richness in the technology so that every factor 
is used in positive quantities by at least two industries and every industry employs 
positive amounts of at least two factors. 

Consider what can be said in general terms about N and Q by assuming r 'Z: n 
and writing explicitly, 





(A20) 


Multiply the second row of the first matrix by the second column of the second 
to obtain 


9' -N ^ L 


(A21) 


Ethier (1974) used this relationship in the n x n case (in which also all O/j were 
assumed strictly positive) to establish that every column of the ./V-matrix has at 
least one negative element. His method of proof extends more generally to the 
r > n case. 

Consider the j th column of M. By (A21) this column must be nonzero, so that 
there exists some k such that + 0. If the j th column of N is premultiplied by 
any 1 th row of O', (A21) reveals the product to be zero as long as i + j. We wish 
to choose row i so that Oik > 0- This is possible since every factor k, is by assump¬ 
tion used in at least two industries, and even if one of these should be industry j 
there will exist some 1 + j for which 01k is positive. Therefore Olk^^kj + Now 
Nkj is either negative or positive. If Nkj > 0, there must exist at least one other 


’' The existence of the inverse is obviously guaranteed by the invertibility of B. 
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dement of the jth column of N,,jf h 4= such that Nf,j < 0, since 


XI ' * j- 


Therefore, at Jeasl one element in every column of N must be negative. 

Eihier was also able to establish that every column of N must contain at least 
one dement greater than unity. Here his assumption that all arc strictly positive 
turns out to be crucial. Prcmultiplyirig theyth column of N by theyth row of 0' 
yields unity. 'I’hercfoie, if all 0J|^ are positive, at least one must exceed unity, 
since at least one other element in the jth column of N has been proved to be 
negative, and O' is row stoehastic. The foflciwing 3x3 example shows wherein 
this result ran break down if all factors are not assumed to be positively employed 
in all industries. Suppose that 


In I his cas<‘, the inverse is 


0 



\ \ 

0 I 

i oj 


N = 


- I 
I 


1 

- I 



AUfiouRh every column of N has ai least one negative element, no column of N 
has any elements greater than unity. Theyth column of N displays the relative 
impact on all factor prices of a change in the price of commodity J with all other 
commodity prices (and factor endowments) constant. If factor j is not used in 
industry y, an increase m fij can be passed on uniformly to all factors X" 4= Jy as in 
this example, without driving any to* up mote than proportionally to fij. The row- 
stochaslu property ol D' guarantees that either thejth column of N has an element 
exceeding unity or the factor whose wage goes down when pj rises (and there must 
he at lea.sl one such factor which loses) is not u.sed in the production of the jth 
eornniodity.*^ 

Must pioperties of this type characterize the nwe.t of A when r > n? No. The 
paper described the specific-factors model as an illustration in which some row of 
A (the one showing the impart of each and every commodity-price rise on the 
wage rale) consisted entirely of positive fractions. 

When the number of commodities eqmls the number of factors (the even case), 
iriori' i an be .said alxiut the rows of A. Rewrite (A20) as 


_ [{J 

Q r Rj [t?'] OJ “ [oV^ ’ 


(A22) 


III ihc even case, the ATmairix is the zero matrix—the local factor-price equal¬ 
ization result, 'i'herclore multiplying the first row of the first matrix by the first 
column of the second yields 

NO' = /- 

Consider now the ith row ofN. Postmultiplying by the Ath column of 0' (A + i) 
yields the result that every row of N must contain at least one negative element, 


Note that, in the 2x2 case, the assumption that every factor is used in at least two 
industries is sufficient to establish a positive matrix. 
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since the elements of 0' are nonnegativc.^^ The ith row of N describes what 
happens to Wf as, in turn, each commodity price rises. At least one commodity- 
price rise must thus lower iti,. Each factor has at least one natural “enemy” in the 
even (n = r) case. Note that multiplying the tlh row of JVby the rth column ofO' 
yields an inner product of unity. But this cannot be used to prove that some 
clement of the uh row of N must exceed unity, because the ith column of 0' does 
not add to unity. The i th column of 6' refers to the shares of factor i in all the in¬ 
dustries. If factor 1 is an “important” factor, little can be said, as the ith column 
would add to greater than unity.But if it is unimportant (with column sum 
less than unity), then at least one element of the ith row of N must exceed unity. 
As suggested in the main body of the paper, a relatively unimportant factor could 
unambiguously be protected by sonic set of commodity price increases. But it is 
not necessarily the case that the “important” factors each have a natural “friend.” 

I'he Q-matrix, whose elements reveal the Rybezynski results, is not as strongly 
structured as is the Stolper-Samuclson At-matrix. This difference, to be developed 
below, is a basic relleclion of the asymmetry in the two equation sets captured by 
(A18). The competitive profit conditions assume the simple form: 

O'w = /, 

because of the envelope result expressed by the cost-minimization condition 
Y. u'l doij = 0. In contrast, the full-employment conditions arc more complicated: 

aw + Xa = V. 

Even with commodity prices constant, factor prices can change in ihe case t > n. 

If the number of factors exceeds the number of produced commodities, it is 
possible to prove that each row of Q has at least one negative element but not that 
It contains an element greater than unity. Nothing in general can be said about 
the columns of Q, To verify these remarks, multiply the second row of the first 
matrix in (A22) by the second column of the second matrix to obtain 

QX = I. 

The inner product of the tth row of Q with the Ith column of A fl' 4= i) is zero. 
■Since all elements in the A-matrix are nonnegative, some element in the I'th row 
of Q must be negative.^’ 

The elements m the columns of A need not add to unity. I'he tth column of A 
refers to the percentage of each and every factor used in the t th sector. If output i 
bulks large in the national income, the sum 

h 


Here we make use of ihc assumption that every row of 0' must contain at least two 
positive elements, i.c., that every good uses at least two distinct factors. 

As the preceding example illustrated (for the columns of iV), having a column of 9' 
add exactly to unity here might not suffice to establish (he existence of an element in the 
row of N actually exceeding unity. Formally, we define factor t as iwportarit if 

lOU - > 1 - 

< j 

^®The proof follows the lines used earlier in establishing the properties of the N 
matrix. It is necessary to assume, as we have, that each factor is used in the production 
of at least two commodities. 
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will greatly exceed unity, and it would not be possible to prove that any element 
of the ith row of Q would have to be larger than one. On the other hand, if the 
!th sector IS a small part of the economy. 


would add 10 less than unity. This suffices to establish the existence of at least one 
r/i, grcatei than unity, 'id .see this, let J = fi I 2 0|. Then 

j jsJ jeJ j 

u 

J 

IS sliictly less than unity (t th .sector “unimportant” enough), some at least the 


max 

trj 

must exceed unity. 

I’he Ith row of shows what happens to output in the ith sector as each factor 
endowment rises in tuin (and commodity prices are held constant). In general 
each industry has a “natural enemy” in the sense that for each industry, i, there 
exists some faclor, j, such that industry t would have to contract if only factor j\ 
supply expanded (at constant commodity prices). Of course this is the phenom¬ 
enon at issue in the Rybezynski result—the actual decline in output as some 
endowment rises. 11 the ith sector is relatively unimportant, we have established 
above that there will be at least one factor which, if it grows, would cause an even 
greater relative expansion in the ith sector at constant commodity prices. 

The columns ol p refer to the impart on all outputs of an increase in a particular 
I] (at constant/i). Ifr > n, nothing can be said about the columns. For example, 
consider again the specific-factors model. An increase in the endowment of mobile 
labor would, at constam p, serve to increase all outputs but perhaps none of them 
bv as great a relative extent as labor. 

Although Q IS, in the sense described above, les.s structured than ATif the number 
of faetors exei‘eds the number of commodities, this asymmetry disappears if 
>1 =■ r. The reason is that now factor prices are constant if commodity prices do 
not change, i 'he .'Vf-.submatrix reduces to an r x r matrix of zeros. This helps add 
slrurture both to the Slolper-.Samuelson fV-malrix (as we proved above) and the 
Rybezynski Q-malrix, but primarily to the latter. 

From (A20) it is clear that, if M is 7.ero. 


A(? = 1. 

Since the row sums of X all add to unity, the type of argument used above servtjJ 
now to verify that in the even case every column of Q has at least one negative 
element and, subject to the type of conditions established earlier for N, one 
element greater than unity. The main body of the paper stated this result some¬ 
what differently: with factor prices uniquely linked to commodity prices and 
commodity prices held constant, if only one endowment rises, some output must 
rise by at least a greater relative amount, and some other sector’s output must 
decline. 
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Fig. 4 


To conclude, it may prove useful to present two examples of sign patterns of the 
inverse matrix, 



In the first example, let the number of commodities and factors be the same. 
Furthermore, impose a strong symmetry on the production structure by assuming 
that each sectorj spends half its revenue on factor j and the other half evenly split 
among all remaining factors. The sheer symmetry of the case is sufficient to 
establish the sign and size pattern shown in figure 4. All the features of the two- 
sector sign pattern would be -writ large. 

As a second example, consider the n 4- I factor, n-commodity version of the 
specific-factors model, shown in figure 5.^* The A4-matrix has rank 1. The diagonal 
must be negative—the return to factor i is depressed by an increase in V, with p 
held constant. The negative elements off the diagonal (except the last row and 
column) show that, as the endowment of any specific factor rises (at constant p), 
ihe return to all specific factors must fall. However, the return to the mobile factor 
(labor) rises with every positive V^ {t 4= labor). This is shown by the first n 
elements of the last row of M. The last column of M (off-diagonal elements only) 
shows that an increase in the endowment of mobile labor at constant p must raise 
the returns to all specific factors. 

The ff-matrix in this case is especially simple and displays strong gross substitute 
relationships for outputs along the transformation surface. A rise in pj increases 
xj and reduces all other outputs. (All sectors lose labor to thej th sector.) 

The A^-matrix shows the Stolpcr-Samuelson elements. The general result 
(following from the lack of joint production) is verified: every column of N has 
at least one element greater than unity (in this case only one) and at least one 
element negative. The j th column of N shows that, as pj rises, the return to the 
factor used specifically in j rises by a greater proportional amount, and the returns 
to all other specific factors must fall. The positive fractions in the (n + l)st row 
of At show that each rise in pj raises the wage rate, but relatively not as much. In 
the even (r = n) case, each row of N would have to contain at least one negative 
element. In the specific-factors model, the (n + l)st row contains none. 

The Rybezynski Q-matrix shows, in the first n columns, that an increase in the 
endowment of each specific factor would raise output in the sector using that 

This version was described in Jones (1975). 
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(n+I) n 

I’k;. 5 


f'acfor and rr*ducr outputs m all other sectors. Mowever, no element is greater than 
unii\. If I j should rise by 10 percent, the /th sector will attract some labor. But 
since the wai^e has heon driven up, the labor force in the iih sector will rise by 
less than 10 percent, 'f'hercfore output a'| must also rise by less than 10 percent, 
{’he last column consists ol'positive elements, each showing how a sector’s output 
expands if mobile labor grows. A 10 percent increase in the supply of labor causes 
all seciois lo expand. Some may expand by greater than 10 percent if the elasticity 
of demand foi labfir in those sectors is especially high. We confirm the general 
])!Of><’ity that each row of Q must contain at least one negative dement. In the 
even < ase {n ='= r), each column of Q would display at least one negative element 
and one element exceeding unity. In the specific-factors (n -f 1 ) x n case, the 
fiisi n columns have no element greater than unity, and ihe last column has no 
negative entries. 

References 

Cla^alheodor^. C. Calculn\ of V'artations and Partial Differential Equations of the First 
Order. II. Calculus of Variations. San Francisco; Holden Day, 1967. 

Caves, Kich.ard, and Jones, R. W. World 7’radr and Payments—an Introduction. 
Boston: Lit lie. Brown, 1973. 

Chipman, John. ‘’Factor Price Equalization and the Stolper-Samuelson The¬ 
orem.” Internat. Econ. Hrv. 10 (October 1969): 399-406. 

Dieweri, W. E., and Woodland, A. D, “Frank Knight s Theorem in Linear 
Piogramming Kevisilid.” Econometrica 45, no. 2 (March 1977): 375-99. 

Ethier, Wilfred. “Some of the TheorenivS of International Trade with Many 
Goods and Factors.” J. Internat. Econ. 4, no. 2 (May 1974); 199 -206. 

Gale, David, and Nikaido, H. “The Jacobian Matrix and Global Univalence of 
Mappings.” Math. Ann. l.')9 (1965): 81-93. 

Hahn, Frank. Review of General Equilibrium Theory and International Trade^ by 
Takashi Negishi. J, Internal, Econ. 3, no. 3 (August 1973): 297—98. 








TWO-SECTOR PRODUCTION MODEL 935 

Inada, Ken-ichi. “The Production Coefficient Matrix and the Stolpcr-Samuelson 
Condition.” Econometrica 39 (March 1971): 219-39. 

Jones, Ronald W. “Factor Proportions and the Heckscher-Ohlin Theorem.” Rev. 
Econ. Studies 24 (October 1956): l-IO. 

-. “Duality in International Trade: A Geometric Note.” Canadian J. Econ. 

and Polit. Sci. 31 (August 1965): 390 93. (a) 

-. “The .Structure of Simple General Equilibrium Models.” J.P.E. 73, 

no. 6 (December 1965): 557-72. (A) 

-. “A Three-Factor Model in Theory, Trade and History.” In Trade^ 

Balance of Payments and Crowth. edited by Jagdish Bhagwati, Ronald W. Jones, 
Robert Mundril, and Jaroslav Vanek. Am.sterdain: North-Holland, 1971. 

— —. “Income Distribution and Effective Protection in a Multicommodity 
Trade Model.” ./. Eton. Theory 11, no. 1 (August 1975): 1-15. 

Kemp, Murray. Review oi International Trade, by Ivor Pearce. J. Internal. Econ. 1, 
no. 2 (May 1971); 251-54. 

Kemp, Murray, and Wegge, L. “On the Relation between Commodity Prices and 
Factor Rewards.” Internal. Econ. Rev. 10 (October 1969): 407-13. 

Lancaster, Kevin. Consumer Demand: .4 New .Approach. New York: Columbia Univ. 
Pre.ss, 1971. 

Mayer, Wolfgang. “Short-Run and Long-Run Equilibrium for a .Small Open 
Economy.” ./.P.E. 02, no. 5 (.September/Ociober 1974); 95.5-67. 

Mussa, Michael. “Tariffs and the Distribution of Income: 1 he Importance of 
Factor .Specificity. Substitutability, and Intensity in the Short and Long Run.” 
.J.P.E. 82, no, 6 (November/December 1974): 1191 1203. 

Pearce, Ivor. International Trade. New York: Norton, 1970. 

RulTin, Roy, and Jones, R. W. “Protection and Real Wages: The Neo-classical 
Ambiguity.” ,/. Econ, Theory 14 (April 1977): 337-48. 

Rvbczynski. T. “Factor Endowment and Relative Commodity Prices.” Economica, 
n.s. 22 (November 1955): 336-41. 

iSamuelson, Paul A. The Foundations of Economic Analysis. Cambridge, Mass.: 
Harvard Univ. Pre.ss, 1947. 

-- “Prices of Factors and Goods in General Equilibrium.” Rev. Econ. Studies 

21, no. 1 (1953): 1-20. 

-- “Ohlin Was Right.” Swedii/i J. Econ. 39, no. 2 (December 1971): 365-84. 

Uekawa, Yasuo. “Generalization of the Slolper-.Samuelson Theorem.” Econo¬ 
metrica 39, no. 2 (March 1971): 197 217. 




Trade Using One Commodity as a 
Means of Payment 
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A general model of noncooperative trading equilibrium is described in 
which prices depend in a natural way on the buying and selling decisions 
of the traders, avoiding the classical assumption that individuals must 
regard prices as fixed. I'hc key to the approach is the use of a single, 
specified commodity as '.‘cash,” which may or may not have intrinsic 
value. The model, in several variants, is treated as a noncooperative 
game, in the spirit of Nash and Cournot. The rules of the game, including 
the price-forming mechanism, arc independent of behavioral or 
equilibrium assumptions, which enter, instead, through the solutions of 
the game. 


I. Introduction 

In the development of a theory of money and financial institutions, there 
are three kinds of questions which should be clearly differentiated: (1) 
Why does money come into use, and how? (2) What keeps it in use? 
(3) What strategic limitations does its use impose on trade, what additional 
possibilities docs it open up, and what are the institutional implications? 

The first would involve both historical research and a study of trans¬ 
actions costs and markets. It would be interesting to explore such questions 


\VV are grateful for suggestions and constructive criticisms from Pradeep Dubey, 
Robert -Slighton, Rodney .Smith, Ross Starr, and an anonymous referee as well as many 
others with whom wc have discussed this model during the past 2 or 3 years. \Vc arc also 
grateful to the National Science foundation (grant GS-312.‘>3) and the Office of Naval 
Research (contract N00014-76-C-0085) for their support 
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as the smallest size or level of trading activity at which a developing 
economic community should be expected to adopt a commodity money 
system, a fiat money system, or a banking system, etc. At least since the 
time ofClournot (1838), it has been ob.served that, if m commodities are 
to be bartered on a one-to-one basis with no use of a monetary medium, 
as many as m{m — l)/2 pairwise trading markets might be needed, while 
the use of a generally accepted medium of exchange enables the system to 
funelion efficiently with only tn or m — I trading posts. Similarly, a money 
can enalile an economic system to function efficiently through purely 
Itilatctal transactions, withotit rcc|uiring tortuous sequences of middlemen 
who pass the goods along to their ultimate consumers (Ostroy and Starr 
i!)74). In other words, a medium of exchange can “de-couple” cross- 
Inleractions both between traders and Ix'tween commodities; and, if an 
economic society grows large, the social advantages of this soon outweigh 
any social disadvantages or costs that may be involved. I'his is of course 
not the wfiole story: inf<>rmation costs, search costs, transportation costs, 
tlie desire for safety or anonytnity, and myriad other details of transactions 
Ir'chnology m.'iy be invoketl as further explanations of why money and 
financial itisttlufions come inttr being (see Jones 1976). 

(.hiestions coneeruing the beginnings of money and finance are basically 
dilletcnt, however, I'rom the <iuestion of why money stays in use. The fish 
gels on the hook one way and off it in a radically difl'erent manner. Onee 
enough people ac cept a money and a body of law and custom concerning 
its use, It IS chliieult, short of social breakdown, hyperinflation, or revolu¬ 
tion. Icrr an imiivicltial or small group to “opt out” of the system, even if 
the conditions attending the system's beginnings have changed. The 
aeeeplatiee of the system hits a flavor of a noncooperative equilibrium 
like llie ■'IViscmer’s Dilemma”: although a person may view, say, fiat 
money as being of clubioits value its a store of wealth, he knows that most 
others will coiilimie to use it for tniile, and he may be in net position to do 
otherwise himself 

No modern society is a 100 percent monetized society. Segments with 
barter trade alwuiys exist, and the volume of such trade may vary with 
many factors such as leehriology, laxc-s, faith in financial institutions, con¬ 
straining laws and regulations, and so forth. Nevertheless, if we accept the 
facts that money is the major means of e.xehange in a modern economy and 
that much of the exchange of money for gcxids, .services, and financial 
instruments takes place via some form of organized market, be it a stock- 
market or a supermarket, then we can ask yet another kind of question. 
What are the restrictions imposed upon economic behavior if we require 
that trade be monetized? How do these restrictions influence the decisions 
of rational individuals, and how do they limit the range of feasible out¬ 
comes? T he body of this pajjer is concerned largely with questions of this 
type. 
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Our exposition is based on a multicommodity model of trade as a game 
in strategic form, to which the noncoopierative solution concept of Nash 
(1951) may be applied. The model is strategically closed, in that, unlike 
the classical equilibrium models, prices are determined by the actions of 
the traders, and the system as a whole responds meaningfully to the 
traders’ decisions, even away from equilibrium.' The mathematical proof 
of the existence of a Nash equilibrium and its relationship to the compet¬ 
itive equilibrium of Walras will be presented elsewhere; here we concen¬ 
trate on an elementary but, we hope, informative exposition, making 
much use of “Edgeworth” box diagrams. These will enable us to visualize 
the qualitative eff ects of monetized trade on such things as price formation, 
feasibility, Pareto optimality, and equilibrium. 

It is worth emphasizing that we are presenting here not a single model 
with a fixed viewpoint on the nature of money but, rather, a general 
modeling approach, or framework, within which many different proper¬ 
ties and users of money and financial institutions can be analyzed and 
compared. Our “money” can be a valuable, consumable commodity, or 
it can be merely paper, of no intrinsic worth. Even in a one-period model, 
various forms of credit can be introduced, and the trade-inhibiting effects 
of a limited money supply can be represented. In multiperiod models 
(not treated here, but see Sec. VIA below), one can go further and 
introduce lending institutions and derive interest rates. While we make 
no pretense that we are able to capture all of the complex factors associated 
with the use of money and financial institutions, it seems reasonable to 
hope that our approach, extended or elaborated in one direction or 
another, will prove useful as a basis for more extensive investigations of 
many facets of this subject. 


11. Some Preliminaries on Economics and Modeling 

Before proceeding to the description of a specific trading game, it may 
be useful to discuss some of the highlights of our approach in general 
terms. In particular, we would like to comment on (a) the differences 
between commodities, commodity money, and fiat money; (i) the in¬ 
stitutional implications of cash and credit; and (c) the distinction between 
the (legal) rules of the game and the (behavioral) rules of play and the 


' In his important early paper, Debreu (1952) represents the Walras exchange model 
as a game in strategic form for the technical purpose of applying a general existence 
theorem. But as a descnptive model his game shares the defect of the Walrasian model of 
being ill defined, or unrealistically defined, away from equilibrium. Indeed, if only one 
agent departs from equilibrium, he is presumed to be able to buy and sell at the stated 
prices, announced by an added fictive player whose objective is to minimize excess 
demand. But there is no explanation of how the excess demand thereby created is to be 
satisfied—unless it is out of the bottomless warehouses of the fictive player. See also Arrow 
and Debreu (1954) and Arrow and Hahn (1971, chap. 5). 
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reasons for our selection of the Nash noncooperative equilibrium for the 
analysis of the latter. In Section VI some other general points svill be 
touched upon, in connection with possible variations and extensions of 
our model. 


A. Money and Commodities 

In this paper we arc frankly concentrating on the “means of payment” 
role of money. Wc cannot contend that this is money’s only or even its 
most important reason for being. But we do argue that this is its most 
conspicuous (unction in everyday economic life and that the payment 
process has hardly received a fair share of attention in modern mathematical 
economics. We shall therefore treat money as an clement of strategy 
(in the game-theory sense) and not merely regard it as cither an insub¬ 
stantial price-reporting or book-balancing abstraction, on the one hand, 
or just another commodity to be traded and consumctl, on the other. 

.Several authors, in the study of eooperative-^amc solutions to economic 
models, have liad recourse to utility functions of the following special 
lorn)■ 

= M'Vi. • • , x'„) + 

where the (m -I- l)th commodity may be regarded as a kind of transfer- 
.ihle uliliiv, oi "u-money” (.see, e.g., Shaplcy and Shubik 1966, j)p. U07 fi; 
IhtiPa, 1972, 197(>; Telser 1972, pp. 4-11; and Auntann and Shapley 
1971, p, UiOj, .Allhough die vague phrase “market game with money” 
would seem to cover both this approach and our present noncooperative 
model, the conin'ction i.s only superficial. In eooperative solutions such 
as the core and the value, the underlying strategic form of the game is 
ii relevant, and all attention is directed to the actions and potential actions 
of coalitions. 'Hie “u-money,” if available, serves only as a vehicle for side 
payments that adjust the (inal elislribution of utility among traders in 
coalition. '1 here has been little interest in formulating cooperative trading 
games in which money plays a distinguished role in the trading tech¬ 
nology; in fact, core theory (with good reason) has traditionally stood 
aloof from the processes of tr;ide and price formation.^ 

In our present work, we do not assume that the utility of the payment 
commodity is additivcly separable, as above. But it is possible that such 
an assumption might simplify some of our results or proofs or ensure 
uniqueness or other good behavior on the part of the noncooperative 

^ Tclscr (1972, chap. 3), however, has analyzed a Cournot-type oligopoly model in 
terms of'the core; see also Shaplcy and Shuhik (1972) ('or a model whose core has a 
direct interpretation in terms of prices. 
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equilibria, just as it does for the classical competitive equilibria. ^ At least 
the question merits further study. 

Viewed as a commodity, real or fictitious, money is distinguished in 
practice by its near-universal acceptability in exchange for other com¬ 
modities.* The reasons for its acceptance lie as much in the realms of the 
laws and customs of society as in pure individualistic economic reasoning. 
In an economic model that is not intended to encompass social and 
legal developments, it may be taken as axiomatic that the monetary good 
will be accepted at face value according to the existing conventions of the 
marketplace, regardless of its intrinsic worth or lack of worth. In our 
present model, we shall require that all exchanges be for money. An 
interesting consequence of this rule is that the set of attainable redistribu¬ 
tions of goods will fail to include many redistributions that would be 
possible if arbitrary, transaction-cost-free barter were allowed.* It should 
be noted that this curtailment also occurs under the classical rules of 
Walrasian exchange at stated prices. This is not necessarily unrealistic. 
A similar curtailment of the feasible .set occurs in practice, we believe, 
in most societies that rely on organized markets and relatively stable 
price systems for the redistribution of goods. 

Hocause of its general acceptability a means of payment has obvious 
value to its holder, but this value need not show itself in his utility func¬ 
tion.* Indeed a fiat money would enter the utility function only through 
the effect of truncation: unspent money at the game’s end may be pre¬ 
sumed to have buying power in the world to come. (You can take it with 
you!) A commodity money, on the other hand, like gold or silver, has utility 
in its own right, to which we may add any extra buying power it may be 
considered to possess —an alternative or incremental value conferred by 
soriety's acceptance of its special monetary role.^ 

It is obvious that an adequate investigation of the utility of money 
demands a dynamic treatment in a multiperiod model, with the pos¬ 
sibility of durable as well as perishable goods. We forgo any such in- 

’ With an addilivcly separable “u-nioney” in sufficient supply, the cnrnprtitive 
allntalinns of the other goods are jusl those that maximize the sum thus a 

"fixed-point" situation reduces to a simpler maximization problimi, 

Clower (1967) goes so far as to assert, as a matter of definition, that any commodity 
uiitversally acceptable in exchange is a "money." 

’ See the end of Sec IIC. 

Many economic investigations include a "money" in the utility functions; see, e.g., 
I*atiiiktn (19.')6), Telser (1972 and elsewhere), or the discussion in SamueLson (1947, 
PP 119 21). 

’ .Such an adjustment for buying power may be called for even in the case of pure 
barter. A person’s utility for a large quantity of wheat, for example, evaluated at a 
particular point in time, may depend in part on his expectation of being able to trade it 
later for something more directly useful to him. It is difficult to treat this subject with any 
precision in a static, one-period model. 
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vestigation In this ftaper, adopting, instead, the expedient of reseni 
a place in the utility functions for the '‘means of payment” w-iffouf 
insisting that it actually be consumable or have utility. Within rl^ 
framework we can encompass the range between a commodity money of 
great (iitn'tjsic worth, at one extreme, and a perishable hat money, at 
the other. 

It. Ctidt and Credit 

Our point of departure will be a basic model where “cash” payments are 
recu.irecl in advance on ali purchases. Wc then explore some ways of 
relaxing this rondifion, via a sort of shopkeepers’ credit in the form of 
defVrreii payments secured by expected receipts. Since only a one-period 
,„.,de( is rnn.sidertxi, itiicresi rates and fhc money market cnmiot be 
fiirh rcpresmled. iVevcnheles.s, .some institiition-inodcliny problems do 
appi’ar, siiiu- bes-ond a narrow 7one of 'conservative” credit (see Sec. 

(VH beiowi die possihilily of insolvency and default exists and must 
be (iued it the game is to he well defined. It may seem overeJaborale to 
burden tlie abstraet model svitfi the details of a bankruptcy proceeding 
ill nii/r/i die a.sM'ts of ibe trader who cannot pay bis biJI.s are liquidated to 
satisfy die ( redbors. Yet inifxntant profrertfes of the game and its equilibria 
may wed ((epend on just how such details are handled, once we relax the 
"easb on (be bairelbead'’ rule.® One .simple c.xpcdient is to allow negative 
holdings of '’casl)'’ at the garne’.s end while postulating a disutility 
(suitably concave and contiiiuousf fiir being “in the red.” fmpiicitly 
iliere are loan sharks, swimming outside the model, who pay off the 
eredilors while making life uncomfortable for the debtors, but the burden 
of providing detailerl rules for insolvency is avoided. 

i'ivcn wiliioiit default there are institutional overtones in the granting 
of credit. Suppose a trader pays for some goods with promissory notes 
rather than rash, expecting to redeem tlicm with cash received from the 
sale at his own goods. What if some of his customers also use promissory 
notesi‘ When and how lines the redistribution of the actual “means of 
payment" romniodity take place? It appears that a central clearinghouse 
must be created. 'I bis would rcprc.sent a major change in the nature of 
tile model, which—as will be seen is otherwise quite clearly decentral¬ 
ized, witli respect to both traders and commodities. 

While wc cannot enter into a detailed discussion here, it is important 
to note also that credit generally involves a contract between two parties, 
whereas cash generally docs not (except perhaps in the weak sense that an 

" The rule proposed by Postlrwaite and .Schmeidler (1975), which in effect confiscates 
and destroys all goods belonging to the bankrupt party, seems both drastic and unrealistic 
(particularly away from equilibrium), since avoiding insolvency in that model depends 
not only on personal prudence but on correctly estimating the actions of the other traders. 
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individual holder of a dollar bill may regard himself as a creditor of the 
eminent). We may for convenience describe a person’s indebtedness 
as "negative cash,” but it is basically a different instrument. In a society 
where all pay cash, default and the laws and procedures for dealing with 
It need not be considered. A society with even the simplest forms of credit 
is fundamentally more complex than one without credit, and it can 
adequately be represented only by a fundamentally more complex model. 


C. Rules and Solutions 

The game theorist is usually at great pains to assure himself that the 
rules of the game are completely defined liefore he turns to the problem 
of solving it. The reason for this caution stems from the fact that, while the 
(lesniptme theory —covering the moves and strategies and information and 
payoffs, etc.- can be “hard” and mathematically precise, the solution 
theory is often “soft” and indeterminate, since it expresses the actions of 
sophisticated, free-willed decision makers. In the multiperson non-zero- 
sum games common in economics, this indeterminacy shows itself both 
in ihc multitude of different solution concepts that game theory offers 
for consideration—like core, value, bargaining set, noncooperative 
equilibrium, etc.— and in the nonuniqueness of outcome that is so often 
exhibited by the actual solutions, under any one of these concepts. 

Wc would like to stress, therefore, that we arc presenting a well- 
defined game in the descriptive sen.se, formulated independently of any 
assumptions of equilibrium or of what might or might not be “rational” 
behavior. When the players have made their individual decisions, the 
market prices and the transfers of goods are completely determined. To this 
game a variety of solution concepts might be applied, but the rules of the 
game and its solution are two different things. 

Having said this, wc must admit that we have built our model in a 
particular way (in a “strategic” form, as opposed, say, to a “coalitional” 
form) in anticipation of applying a particular solution concept—the 
“Nash” noncooperative equilibrium. In much of our previous work in 
this general area we have, instead, used the coalitional form and (with 
many others) have considered static, essentially noninstitutional games 
of exchange and/or production, establishing some interesting links 
between the competitive equilibrium and the core or other cooperative 
game concepts.® However, this kind of coalitional approach fails to 
capture the dynamics of price formation and the essentially individualistic 
nature of much economic decision making, and so further investigations 
using noncooperative game concepts now seem to be in order. 

^ See, e.g., Shaplcy and Shubik (1966, 1969a, 19696, 1976) or the books of Arrow and 
Hahn (1971), Scarf (1973), Aumann and Shaplcy (1974), and Hildcnbrand (1974), 
where many additional references will be found. 
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The riassical model is content to take prices as though given by an 
“invisible hand,” insensitive to the actions of the traders at least in the 
short run. There is an implicit understanding, not reflected in any 
inatfiematical assumption of the classical model, that the traders are so 
numerous and their individual resources so small that this insensitivity is 
a good approximation to reality. Our model, on the other hand, has 
prices that depend in a reasonable way on the individual trading decisions. 
They arc driven upward by increased buying and downward by increased 
selling. This puts us into a position to examine the validity of the classical 
assumption of unyielding prices when the traders are not individually 
insignificant and, indeed, to explore the transition zone between perfect 
competition a la Walras and oligopolistic competition a la Cournot. 
But to carry out this program, our game-theoretic solution concept must 
be strategy oriented and collusion free, and the Nash noncooperative 
etiuilibrium is ideally suited to this purpose. 

It may be of interest to point out in conclusion that if we were to reduce 
our present model to it.s characteristic function,'® we would get a different 
cooperative game from the unrestricted-barter or “Edgeworth” game that is 
usually considered in connection with the core. The reason is that our 
rtilcs cause all trade to use a single set of prices. If goods, or goods and 
money, jiass between Traders I and 2 in a certain ratio, then they cannot 
pass between 1 and 3 in a different ratio. From the coalitional standpoint, 
this restriction on trade can lend to a paradoxical result—a failure of 
superadditivity. In fact, if we make the natural assumption that sub- 
economies ran form and establish their own price systems, then an 
economy that is fractured into opposing coalitions may be able to reach 
allocations on the Pareto surface that cannot be achieved by the same 
economy united.'' 

III. The Basic Model 

In order to describe a well-defined game of exchange in which a .specific 
commodity is used as a means of payment, we must spell out how the 
prices .are formed. I’hc classic general equilibrium model is content to 
cstablisli the existence of prices (often not unique) at equiiibrium. For a 
proper game model, however, we need rules that determine the prices for 

‘" The "cliaractcristic function** of a game characterizes the outcomes that can be 
achieved by any subset of players. See von Neumann (1928), Aumann and Pelcg (1960), 
Scarf (1967), Shaplcy and Shubik (1973), etc. 

It is not generally realized that there is a distinctive “Walras” cooperative game, 
with a more restrictive characteristic function than the Edgeworth game. Despite the 
possible failure of superadditivity, and hence of balancedness, the existence of the core in 
the Walras game is not threatened, since the competitive equilibrium must still have the 
core property. But the Walras core and Walras-Pareto set will in general be different 
from the Edgeworth core and Edgeworth-Parcto set. Superadditivity can be restored to 
the W*alras game by the device of taking the “superadditive cover** (see Shaplcy and 
Shubik 1969n), but the result is still not the Edgeworth game. 
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positions of disequilibrium as well. With every player free to make an 
independent decision, the model must yield a well-defined output for 
every set of inputs. 

Several types of price-forming mechanisms might be considered, each 
placing different restrictions on the strategic possibilities. In particular 
the traders might control only the quantities offered or demanded, or they 
might name reservation prices or price ranges or even complete demand 
curves for their individual transactions. Multistage bargaining might be 
introduced, or a centralized procedure that converts a set of unilateral 
price declarations into a unique, market-wide price for each good.*^ 
Here, as we are interested in general, anonymous exchange, with market¬ 
wide prices but with a minimum of ad hoc institutional detail, we adopt 
what is essentially a generalization of Cournot’s original approach. The 
strategic variables will be quanlities, not prices, but they will include quan¬ 
tities of the special good that serves as “cash” or “trading money.” Indeed, 
in our simplest version, only that good will be subject to strategic choice. 

Formally, in our prototype model we shall assume that there are n 
traders trading in m 1 goods, where the (m -f l)th good has a special 
operational role in addition to its possible utility in consumption. We 
attribute to each trader an initial bundle of goods, 

a‘ = (a',, aL+i). 

and a concave utility function. 

We emphasize that u* need not actually depend on + ; the possibility 
of a fiat money is not excluded. 

The general procedure will be for the traders to put up quantities of 
the first m goods to be sold and simultaneously to put up quantities of the 
(m + l)th good to buy them, all at prices determined by the market-wide 
supply and demand for each good. For expository purposes, our prototype 
model will require the traders to offer for sale all of their holdings of the 
first m goods, though they need not spend all of their (m -F l)th good. 
A trader may well buy some of his original goods back, but they must go 
through the market. In other words, in this version of the model the trader 
does not own his initial bundle outright; he merely owns a claim on the 
proceeds when the bundle is sold.** 

Levitan and Shubik (1971, 1972) have given examples of different strategy spaces 
and Pareto surfaces that are possible in oligopolistic models. 

” Superscripts will be used consistently to denote traders. Summation over traders 
will be denoted by a horizontal bar; thus means 



This simplifying condition is not as unreasonable as it might appear at first glance. 
In a multiperiod context, it would amount to requiring that all "paper” profits or losses 
be realized every trading period. Some other modeling possibilities will be discussed in 
Sec. VI below. 
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Trader I 



Fio. 1. - IVccntralizfd iraclr 


Let US imagine m separate trading posts, one for each of the first m 
commodities, where the total supplies (a,,.. ,, (5„), assumed to be 
positive, have been deposited for sale “on consignment.” Figure 1 
illustrates this. Kach trader i makes bids by allocating amounts of his 
{m + 1 )th commodity among the m trading po.sts,^’ = , m. We shall 

denote his strategy, in the game-theoretic sense, by the vector b' = 
(^'i I • • • I f’L) ■ Fhere are a number of possible rules governing the per¬ 
mitted range of bids. In the simplest case, with no credit of any kind, the 
limits on b' are given by 

E (>; ^ 

/= I 

and 

b‘ 2: 0, j = 1,m. 

The interpretation of this spending limit is that the traders are required 
to pay cash in advance. More generally, we might allow them to defer 
payment, either in anticipation of receipts or under some other credit 
arrangement that would have to be made explicit in the model.* ’ 

See Sec. IVB below, llic simplest way to model credit is to remove the spending 
limit entirely, while extending the domain of the utility function to include negative 
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A. Price Formation 

The prices now emerge in a natural way as a result of the simultaneous 
bids of all buyers; we define 

pj = hjja,, j = 

Thus bids precede prices. Traders allocate their budgets fiscally, commit¬ 
ting quantities of their means of payment to the purchase of each good 
without definite knowledge of what the per-unit price will be. At an 
equilibrium this will not matter, as prices will be what the traders expect 
them to be. In a multiperiod multitrader context, moreover, the traders 
will know the previous prices and may expicet that fluctuations in individ¬ 
ual behavior in a mass market will not change prices by much. But any 
deviation from expectations will result in changing the quantity of goods 
received rather than the quantity of cash spent. In practice, if one allocates 
a portion of one’s budget for purchase of a certain good in a mass market, 
this will be different—but not too different -from a decision to buy a 
specific amount at an unspecified price. It is a matter of letting one’s 
stomach rather than one’s purse absorb the fluctuations. 

The prices in our model arc so determined that they will exactly 
balance the books at each trading post. Note that there is no need for a 
central clearinghouse and there arc no interpost or intertradcr trans¬ 
actions. The amount of the jth good that the ith trader receives in return 
for his bid AJ is 

pj > Q, 

’ |o Pj = 0. 

His final amount of the {m -(- l)th good, taking account of his sales as 
well as his purchases, is 

m m 

Wh payojf, in the game-theory sense, mu.st be expressed as a function of all 
the traders’ strategies; accordingly, we write 

n‘(AS . . . , A', . .., A") = «'(x’,...,xU,). 


amounts of the (m + 1 )th commodity so as to provide a suitable disutility for being caught 
short of cash when the sales and purchases arc all added up. To close the model, an 
outside source of cash would have to be postulated, to cover the payments due the other 
traders when one trader defaults. In a dynamic, multiperiod context, we can conceive 
of durable goods, other than the (m + j)th “payment** commodity, that arc carried 
forward and used as security for the granting of credit for commercial loans (Shubik 
1977). 

Note that = 0 implies bj = 0. Thus a trader receives nothing if and only if hr 
bids nothing. 
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Here the depend on the A’s according to the three preceding displayed 
equations. It is noteworthy that the function is concave in b‘ for each i; 
this is important for the existence proof. 

Because of tlie mechanism for price formation and the anonymous 
allocation of sales, all traders pay the same price for the same good. 
However, the operation of the market system gives rise to what have been 
called pecuniary externalities^ in the sense that the prices paid by one trader 
are dependent on the monetary actions of the others (Viner 1931; 
Shubik 1971). In the classic barter market this is not so; trading pairs or 
groups can form and exchange goods unaffected by the actions of others. 

B. The Nonconperative Solution 

A noncooperative or “best-respon.se” equilibrium has been defined in 
game theory as a set of strategy choices by the players with the property 
that no player, given the choices of the others as fixed, can gain by chang¬ 
ing his own choice.’ ’ Specialized to the present application, this solution 
concept will be recognized by economists as a close relative of the classic 
(lournot oligopoly solution (cf. Mafias 1972). It will consist of an n-tuple 
of strategies: 

b = {b\ ^^..., £-) 

such lliat for cacli i the function n'(P, b"), considered as a 

function ol'A’ alone, is maximized at 4' = i’. 

'I'hc following existence theorem for the noncooperative equilibrium 
(Nl'i) may be proved by an application of the Kakutani fixed-point 
theorem to the “best-response” adjustment process or transformation; 
4 -> 4', with each 4'' being a best response by player i to the set of choices 
{b^:j ^ i }. 'I'hc details of the proof, which are rather lengthy, will be 
given elsewhere. 

'I'heurem J. for each trader, i = 1, .. ., a, let a' be continuou.s, 
concave, and nondeereasing. For each good, j = 1, . . . , m, let 
there be at least two traders with positive initial endowments of 
good m 1 whose utility for good j is strictly increasing. Then 
a noncooperative equilibrium exists. 

Note that there is no assumption that good m -f 1 has intrinsic value 
to anyone. It must merely be available to enough people so that non¬ 
trivial markets for the other goods can be formed. 


The definition of Nash (1951), who, however, includes the possibility of mixed 
strategies. These have no plausible interpretation in our present model, so we shall be 
searching only for ‘‘Nash equilibria in pure strategics.” 'The term ‘‘best-response 
equilibrium” is due to Robert Wilson. 
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Our reasons for concentrating on the noncooperative equilibrium rather 
than on one of the cooperative solutions of game theory have already been 
discussed in Section IlC. We would like merely to reiterate here that at 
least one purpose of our work is to formulate and study the descriptive game 
model, without reference to any particular solution concept. Indeed much 
of the discussion that follows concerns what are sometimes called “pre¬ 
solution” concepts like feasibility, Pareto optimality, or individual ratio¬ 
nality, which do not depend on equilibrium notions at all. 


IV. The Edgeworth Box 

The case m = I, n = 2 lends itself to simple two-dimensional descriptive 
analysis based on the familiar Edgeworth box. To avoid the confusion of 
too many lines and curves in one place, we shall make a sequence of 
diagrams, using the same labels as far as possible. As we shall see, much 
of this geometry will apply also to the general case, with many goods and 
traders, because of the way in which the operation of the system “de¬ 
couples” both the traders and the trading posts. 

In figure 2, the first trader’s holdings arc measured up and to the right 
of the point O', while the second’s are measured down and to the left of 
0^. The dimensions of the box arc ^2 high by a, wide. The point R 
represents a typical initial allocation-, thus we have a\ = \M^R\, aj = 
|0'/<|, etc.'* The points 5' and represent typical strategy choices-, thus 
we have A[ = |Af'5‘|andAf = They are restricted to lie along 

the edges A/'O* and M^O^, respectively, since we are requiring all of 
good 1 to be sent to market. (If we did not make this restriction, the 
strategies would lie arbitrarily in the rectangles/?Af'O'C and RM^O^G^, 
respectively; see Sec. VI below.) 

Now consider the line joining .9' and S^. Its slope is (6[ -t- b\)j 
(a[ + a]), which is just the price p,. Moreover, it divides the line A/'A/^ 
into two segments which are equal in length to the amounts xj and x] of 
good 1 purchased by Traders 1 and 2, respectively. Similarly, it divides the 
line C'G ^ into segments equal to their final holdings Xj, x| of the monetary 
commodity, or “cash.” We see therefore that the final allocation is repre¬ 
sented by the point F. The vector RF represents the actual transaction 
that takes place; its slope, naturally, is equal (in absolute value) to the 
price p^. 

It is essential that the reader understand the nomogram demonstrated 
in figure 2, as it is the key to all the diagrams that follow. 

Figure 3 shows the effect of holding fixed while varying 5*. As 5' 
moves over the interval from A/' to O', the point F traces out the curve 
A'/fB*. This curve is a portion of a hyperbola whose asymptotes are the 

'* Fhc notation indicates the length of segment PQ. 




a j - Good I -fc- 

Fio. 2.—Pirice formation 

horizontal and vertical lines through S^. If we reverse the process and 
move S^, holding 6'* fixed, we trace out the curve A^B^, which is part of a 
similar rectangular hyperbola centered at S'. Endpoints A', A^ corre¬ 
spond to zero bids, while endpoints B', B^ reflect the upper limit on the 
amount a trader can bid. It happens in this case that we did not allow 
Trader 2 enough cash to be able to buy back his original holding when 
Trader 1 plays S', so the curve A^B^ stops short of R. 

These traces are comparable to the price rays or “budget sets” that 
confront a trader in the classical Walrasian model with its fixed prices. 
The difference is that in the present case the price is not constant but 
reacts to variations in a trader’s own decisions, so we get a curve instead 
of a line. The curve is concave, as one would expect, so that if a trader 
increases his purchase he drives the price up, while if he bids less the price 
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falls. The connection between the two approaches may be illustrated in 
figure 3 by supposing the second trader’s holdings and bid to be very 
large, pushing points 0^ and far off the page. The first trader’s 
hyperbolic “budget set” would then approximate a straight line through 
R and F, reflecting the fact that he now has little influence on the price. 

A. Two Kinds of Equilibrium 

So far we have discussed only the mechanics of the rules of exchange. 
We are now ready to add the traders’ preferences to the picture, by 
superimposing the contours of the utility functions a* and a^. As shown in 
figure 4, happens to be the best response to S^-, since is tangent at 
F to the contour of a*. (Note that the curvature of A^B^ is such that there 
is always a unique point of tangency.) Similarly, is the best response to 

since A^B^ is tangent at F to one of the contours of a^. Thus fig^ure 4 
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Fill. +. Non< oopcralivf {!•') and comiJctilive (E) pquilibrium 


illustrates a noncooperalive or ‘‘Nasli” equilibrium (NE) for the market. 
Neither trader, knowing the strategy of the other, would wish to change. 

A striking feature of this kind of equilibrium is its nonoptimality. Since 
curves and are not generally tangent to each other, the point F 

cannot be expected to be Pareto optimal or “efficient.”*’ In effect, the 
traders are working with unequal marginal prices, represented by the 
unequal slopes of and A^B^ at F. Any outcome in the shaded 

region would be preferred by both traders to the NE allocation at F. 
In particular, they would both profit from increased trade at the average 
price p ,, represented by the slope of RF. 

The reader familiar with the Edgeworth diagram will recognize the 

‘ ’ Indeed Pareto optimality in a NE can only occur at corners of the indifference curves 
or in special cases like F = R or F B^. 
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contract curve C^EP^C^ in figure 4, which is a subset of the more extensive 
Pareto set O^P^C^EP'^C^O^. The competitive equilibrium (CE) is 
represented by the competitive price ray RE, which is tangent to both 
indifference curves at the competitive allocation E. The situation illus¬ 
trated seems to be typical: there is less volume of trade at the NE than 
at the CE. But the reverse is also possible. In fact, by a somewhat con¬ 
torted but perfectly legitimate arrangement of the indifference contours, 
we could make any given point outside the dotted lines in figure 4 the 
location of a unique CE, while keeping a unique NE at F. 

Although we have not illustrated it, it is also not difficult to construct 
utility functions for which several distinct strategy pairs (5,, S^) are in 
noncooperative equilibrium. This may or may not be accompanied by a 
corresponding multiplicity of CE; the two kinds of solution are not directly 
interlinked. But their general mathematical properties are quite similar. 
For example, we would expect that even for general m and n, if the utility 
functions are smooth and the initial allocation is chosen according to a 
nonatomic probability distribution, then with probability 1 there will be 
a finite, odd number of NE (cf. Debreu 1970). 

B. The Feasible Set and Credit 

The set of feasible outcome* can be determined by holding one trader’s 
bid at its upper extreme O' or lower extreme Af' and sweeping through the 
strategics of the other trader. The feasible set is shown in figure 5 (solid 
sliading); for example, outcome L results if both traden bid their upper 
limit.This feasible set has nothing to do with rationality or motivation; 
it merely describes those outcomes that the mechanism can be made to 
produce. It necessarily contains all NE allocations, but, as for the CE 
allocations, we know a priori only that they lie in the quadrants of the 
Edgeworth box “northwest” or “southeast” of the point R. It may well 
be that some or all of the CE allocations fall outside of the feasible set, 
under our present trading rules. 

By introducing credit we can enlarge the feasible set, permitting the 
traders to bid more of the “means of payment” commodity than they 
actually possess as cash on hand. In diagrammatic terms, the first trader, 
say, could be allowed the segment C'Af* instead of O'Af* (fig. 5). The 

Most boundary points arc attainable, but those on the line M'M* are not, except 
for R itself. There is, however, an exceptional "null” outcome, not in the Edgeworth 
box, in which Trader 1 bids and gets M' and Trader 2 bids and gels Af*. Our rule is 
that if a trader bids nothing he gets nothing, even if the price is zero. So if both traders 
bid nothing, the entire stock of good I is lost. (We may imagine that it goes to an otherwise 
unnoticed “scavenger,” who sends infinitesimal bids to each trading post in the hope of 
making a killing.) This exceptional outcome is manifestly undesirable and unstable, and 
u has no real effect on the solutions of the game, though it causes technical difficulties in 
the existence proof. 
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Ic-rigtli |OV,''| has a sirnplr in(eTprctation in terms of banking: it is the 
largest amount of good 2 tliat could he loaned to Trader 1 with the 
certainty that he will be able to repay. To sec this, consider that the worst 
( asc i.s .s ' = .S ^ = Al with 'J’radcr 1 bidding the limit and Trader 2 
bidding nothing, I'his leads to outcome Q^, at which 'I'rader 1 is just 
barely solvent. A similar “conservative” credit limit for Trader 2 can 
be determined in the same way.^' 

It will become clear (Sees. IVD and VA) that when there are many traders the 
ainouni of “conservative” credit i.s likely to be very small, since it depends on the amount 
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If we alter the rules of the game to enable both traders to use this 
ronservative banking credit, the feasible set is extended as indicated by the 
stripes in figure 5. For example, outcome L’ results if both traders bid up 
to their new limits. The new feasible set still does not fill up the two basic 
quadrants, however, and so we still cannot be sure that any competitive 
outcomes will be attainable. 

With more liberal credit, the feasible set would cover a larger part of 
the two basic rectangles and eventually all of them, but it would also 
Include areas above and below the Edgeworth box, representing situations 
In which one or the other trader is “caught short.” If we regard credit as 
the issue of a financial instrument, the interpretation of a point outside 
the box is simple and familiar—it amounts to stating that after trade an 
individual ends up with none of the monetary commodity in hand and with 
outstanding claims that he cannot meet. In order to complete the model 
we must either describe the utility to any player at such an outcome or 
add further moves to the game, corresponding to bankruptcy proceedings 
(see See. IIB). 

Individual Rationality 

In the present version of our model we are requiring that all of the initial 
endowments, except for the .“payment” commodity, be put up for sale.^^ 
Consequently the concept of ownership is somewhat different from that 
usually assumed in microeconomics and is closer to that in law. All goods 
are monetized, atid trade is virtually anonymous. The economy is an 
accountant’s dream, but by forcing goods to pa.ss through the market 
ownership rights are weakened. In particular, it may be impossible for a 
fK-rson to recover the bundle he originally started with or obtain an 
equivalent bundle. On the other hand, he may be able unilaterally to 
guarantee an outcome superior to his initial holding. (This contrasts with 
the classical Edgeworth and modern “core” models, where an individual 
trader can always defend his initial holdings if he so desires, but no more.) 

i'he “defensive” possibilities are ea,sily illustrated. In figure 6 the first 
trader is fortunate, since he has relatively little of good 1 that must go to 
market and relatively much of good 2 that he can use at his discretion. 
He cannot, of course, protect his exact initial holding, since this would 
mean being able to enforce outcome R regardless of the other’s choice of 
But he can force the outcome to have as much utility for him as R. 
In fact, by playing as shown, he restricts the possible outcomes to the 
set A^B^, a set which lies entirely on the “high” side of the indifference 


of a trader’s owit money that will surely come back to him from his own bids. In this 
r#spp( t our iwo-tracicr exposition may be misleading. VVe may also remark that “con- 
''trvaiive” credit does not require the aid of a central clearinghouse (sec Sec. IIB), as 
«<ny promissory notes can be redeemed at each trading post independently. 

But see Sec. VI, where this requirement is removed. 
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t'lirv'C ;/* = f', as drawn, 'Dii.s i.s in Fact the be.st tic can do defensivety: 
s' is whul would be called his “niiix-niiii” strategy, and is his “max- 
niin” payod'. We see that moving S' either up or dowm w/ould move 
inU) a region of lower payofF, either toward R or toward 

d'lie .second trader, on the other hand, has a relatively poor deFcnsive 
position, rite higliesl indilFerence curve that completely contains one 
oFtlie A'B' sets is the curve — c^. which is distinctly inFerior to R For 
liim. rticre arc two critical points; the endpoint A' and the tangency 
point near B'. As S^ moves, the A'B' curve rotates on R. Raising 
wouhl make A' worse, while lowering would make the critical point 
near B' worse, so S^ is the ■‘max-min” strategy. 

The shacied area in figure 6 represents the so-callcd individually 
rational allocations, bounded by the curves u' = c' and = c^. The 
feasible individually rational allocations arc just those that lie beneath 
the horizontal line RM^, and it is a theorem that every NE solution will 
lie in that region. In contrast, the Walras-Edgeworth individually rational 
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/one, which contains every GE solution, would be defined by the two 
indifference curves through R (not shown). It is easy to see that this region 
could be entirely disjoint from the other. This is not too surprising, as the 
two regions arise from games with the same economic data but different 
rules of trade. 


I). Many Traders 

The same diagrams can be used, one-sidedly, when there are more than 
two traders. This is because our model has the aggregation property, with 
both strategies and outcomes being additive over traders. Viewed by the 
other traders, a set or coalition of traders acting together is hardly 
distinguishable from a single, larger trader. In the diagrams, we may 
icgard the point not as a single bid but as the vector sum of bids by 
Traders 2, 3, . . . , «, using Ji as the “origin” from which the vectors are 
defined. The first trader may notice a quantitative but not a qualitative 
difference from the two-person case: since the other traders combined 
may have far more resources than he does alone, the distance of from 
R and 6'^ may make the slope of (i.e., the price) almost insensitive 
to his own choice. 

It might appear at first glance that the feasible set, when there are many 
traders, would continue to be a sizable fraction of the set of outcomes that 
arc feasible under unrestricted, Edgeworthian barter. But this is not the 
ease. Let us count dimensions. The unrestricted allocation space has 
dimension (m + l)(r! — 1).^^ Even in the case m = I, there are 2n — 2 
dimensions of possible outcomes if trade is not required to pass through the 
“trading post” mechanism. This compares with the n dimensions at most 
that can arise when n traders bid by each selecting a point on a line as 
his strategy. Thus, starting at m = 1, n = 3, the feasible set is only a 
lower-dimensional surface or manifold in the set of outcomes that would 
lie possible under unrestricted trading. 


T. Many Commodities 

Since the trading posts operate essentially independently of each other. 
It is possible to continue to use these diagrams when there are more than 
two commodities (i.e., more than one trading post). But there are two 
ways in which the markets remain intcrcoupled: (1) through the spending 
limits, which apply to all bids combined, so that a trader’s upper bound 
at each trading post will depend on what he spends at the others, and (2) 
tiirnugh the utility functions, which in general reflect complementaries. 

The “ -h 1” here is for the monetary good, while the 1” reflects the fact that the 
■iiim of the holdings is constant. 
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TRADING POST TWO 

O^ Gj 



SLilisliliilion I'O'ccts, t-U:., arnoni' the (liH'cicnt goods, so that the utility maps 
we superimpose on each Edgeworth box will depend on what is happening 
in the others. The second effect (as in the classical model) can only be 
visiialii'.cd with hypcrdimen.sional eyesight, but the first is still within 
reach of our diagram.s. 

Figure 7 illustrates a three-commodity situation. The two “boxes” 
are erected at right angles to each other, in the back of the three- 
dimensional figure (solid lines). The initial point, R, projects to in the 
first box and second. We may conveniently regard R as the 

The labels are generally consistent with the previous diagrams, but with subscripts 
added to distinguish the two trading posts. 
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vector sum of and M^R^. Trader 2’s pair of bids and bl are 

shown at S\ and Sl and their sum at S^. Thus + 

The unspent balance is represented by the vertical bar O^S^. 

Trader I’s bids are shown at S j and As 5 j varies over the permitted 
range 0}Mj, the outcome in the first marketplace sweeps out the curve 
through R^ and F, in the usual way. Similarly, the curve through R 2 and 
F 2 describes his possibilities in the second marketplace. But his joint 
choice of 5j, ^2 is restricted by the spending limit 

|Ml5l| + |A/‘5l| < \M\0\\ = \M\0'2\. 

The case actually illustrated has him spending most of his cash on good 1 
and the rest on good 2. (Had he held some back, we would have shown it 
by a vertical bar at 0'.) The resulting final allocation is found by taking 
the vector sum of and Af^Fj; this yields the point F. 

Now suppose that Trader 1 changes his allocation of cash between 
goods 1 and 2, causing points and Aj to move in opposite directions. 
The point F will then trace out a curve in space, which we have tried to 
suggest by the open dots perched above the curve’s projection on the base. 
This projection on the base shows the tradeoff between goods 1 and 2 
when a fixed amount of cash is bid by Trader I; note that it is concave to 
his origin 0‘. If Trader 1 bids less than the maximum allowed (strict 
inequality above), a curved triangular surface is generated, extending 
out from F and the open dots toward the viewer and rising to an apex 
directly above O'. This locus (not shown) indicates ways in which Trader 
I can obtain more of good 3 at the expen.se of goods 1 and/or 2; it is 
concave to the origin O', and its projection is the large, roughly triangular 
region in the base of the diagram. The first trader’s best response to the 
other trader’s given strategy (.ff, Aj) is determined by the relationship of 
this surface to the indifference surfaces of «*, in the three-dimensional 
commodity space with origin at O'. 


V. Replication 

Inquiries into the behavior of economic models with large numbers of 
participants often make sweeping assumptions of symmetry, in the hope 
of keeping the models mathematically tractable and easy to visualize, 
while capturing at least some of the characteristic eflects of large numbers. 

favorite technique, involving a high but not total degree of symmetry, 
is called “replication,” Imagine a basic economic system juxtaposed to a 
large number of identical replicas of itself; then take away all barriers, 
and form a “common market.” Equivalently, assume that all traders in 
the full model are drawn from a small number of types, with an equal num¬ 
ber of individuals of each type. Traders of the same type have identical 
endowments and identical tastes, but they are not constrained to act 
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alike. That is, they are not programmed robots or members of a bloc or 
cartel but independent decision makers.^* 

The number of members of a type—the “replication number” — 
provides the modeler with a simple size parameter that he can vary with¬ 
out railing for additional data. Of course we do not intend to treat 
rciilication as though it were some kind of actual economic event, like a 
homogeneous population increase or an accretion of similar countries 
to a common market. Replication should be considered only as a technical 
device of comparative statics. .'\s sucli, however, it has repeatedly proved 
Its worth in cxjilorations of the size effect (sec lidgeworth 1881; Shubik 
195‘), 19(i8; Debreu and Scarf 1963, Shapley and Shubik 1966, 1969i; 
Debreu 197,3; Owen 197.3; Shapley 197,3; etc.). 


/I. .-I Simple (lase 

I he efli'ct of replication on our model is illustrated in figure 8, We have 
711 — 1 and n = 2A, where A is tlic replication number. The point S‘ 
repieseius the ave/eij’e of the bids of tlic A traders of type i ; similarly for 
type 2.'^'’ riie point F (hcrelore indicates the average final bundles for 
the Iw'o types. 

Let Its focus on a typical member of type 1. His own bid might be, say, 
al S', if) cli.scovcr his personal final bundle, P, we mu.st draw the line 
ihrough that is parallel to we then locale P in the u.siial way. 

or course P necc.ssai ily falls on the straight line through li and F, since all 
transac tions take (dace at the .same price. 

Now suppose our trader changes his bid from to T/'. I'hat is, he 
clecicles (o buy uothiiig. This depresses the average bid for type I, moving 
it from .V' to F', where j.V* 7''|/|.y'A/*| = I/A. The nc'W price is the slope 
of yhS'^, so our trader's uc'W final hiindle is determined by the line 
through A/’ (larallol (o F'S'^. Similarly, at the other extreme, if he 
cleeldcs to hid the limit, the result is P', determined by the line ihrough 
()' (laiallfl to li'S^, where |f7hV’|/|.?'O'| = 1/A. We should not be 
surprised to see /T fall outside the box. This means merely that our trader 
happens to have enough “cash” to buy more than the combined initial 
bundles of one trader of each type. 

The locus of (jo.ssiblc final bundles for our variable trader is the curve 
A'RPfP, shown in figure 8 for the rase A = 4. The flattening of the curve, 
as compared witli the analogous curve A'JIFB' in figure 3 (which is the 
ca.se A = 1), clearly shows the diminished influence of a single individual 
on price after replication. Indeed the price variation in the present case 

T his ciisiinciion can be very miporlant in tlic game-theory approach but is less 
uuporiant in a beliavioristie theory. As we shall sec, replication changes the NE but 
not the CE. 

More generally, ii there were many types, then the analogue of would be not 
the average but I //: times the sum of all bids from traders not of type 1. 
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rio. H.—Piicc fbrnialion in a icplicatcd market 


is fncoinpasspd by the thin pencil of sloping lines within the angle U^S^T^. 
In the limit, as k —* 00 , the curve becomes the fixed-price “budget set” 
of the classical CiE model—but with one important difference: it is 
truncated at the 5' endpoint instead of extending to the horizontal axis 
through O', in recognition of the limited quantity of the payment com¬ 
modity available. 

B. The General Case 

for the replicated form of the general model presented in Section II, 
we consider a market with T types of traders and k of each type; thus 
n = kT. The initial holding of good j by trader j of type t will be denoted 

It may be observed that the "conservative” line of credit for an individual shrinks 
lo zero as k -* 00. A simple calculation .shows in fact that, in the present case, the amount 
ol such ciedil is equal to a^aj/Ula^ + — a^]. 
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a'f, which we can shorten to aj since it does not depend on s. The total 
amount of good j (summed over both I and s) will be denoted dj, as before. 
A typical strategy will be denoted A‘* = (A'*,.. ., i[^). The defining 
equations of Section II then become 


and 


Pj ~~ j ~ 1,... 1 HI; 

■*^7 = ^'jlPjy J = I, m a.nd pj ^ 0; 

x'f — 0 J = I,. . . , m and pj = 0; 


a 


II 

m+ I 


E *7 + E “’fpj' 




,, ...,0 = 


where u'{x) s u'’(x) is the common utility function for members of 
type t. 

Suppose that a NR has been found in which all traders of the same type 
make the same hids:^® i'' — b\ s = I,. .. , k. It is instructive to look at 
the equilibrium conditions for the ’‘interior” case, that is, the case where 
all b'j are positive and < </!„+,, t = 1,.. ., T. Assuming that the 

concave functions u'{x) are differentiable, we let u'j{x) denote their partial 
derivatives with respect to Xj. Then setting du'jdb'j = 0 gives us 


«;(x-) U - 


A? 


pj 




which must hold at b = L Since prices are in terms of good m + 1 as 
numeraire, we can introduce , = 1 and rewrite the condition for a 
symmetric, interior NR as follows; 



where p and x are the prices and allocation corresponding to b. 

The expressions in curly brackets reveal the effect of oligopoly, but 
note that they lie between 1 and I — 1/A:. In the limit, therefore, these 
conditions for NR reduce to the conditions for CE, with the prices of the 
goods proportional to the marginal utilities of every trader. Thus we may 
state a convergence theorem, as follows;^’ 


Theorem 2. Assume that for infinitely many values of k the 
market has a symmetric, interior NE, and let be the corre¬ 
sponding m-vector of prices. Let p be any limit point of the /***, 


r* Xhe conditions given in Theorem 1 in Sec. IIIB arc sufficient to guarantee the exis¬ 
tence of such a symmetric NE. It is quite possible also to have nonsymmetric NEs. 

” A somewhat more general form of this theorem will be found in Shapley {1976). 
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and define , = 1. Then the m + 1 prices p^, . . ., p„, p„+ , 
will be competitive for the market (for any value of k ); that is, 
an allocation x will exist for which x = d and, for each s and /, 
x'^ maximizes u'(x“) subject to x'^ ^ 0 and 

m + 1 

E pj(-'f - <■) = 0. 

j=1 

It should be noted that the NE approaches the CE “from below,” 
that is, through outcomes that are not in general Pareto optimal. Phis 
contrasts with the convergence of cooperative solutions like the core and 
the value, which arc by definition Pareto optimal all the way (see, c.g., 
Debreu and Scarf 1963; Shapley and Shubik I969A; Debreu 1975; Owen 
1975; and Shapley 1975). 

The type of convergence revealed in Theorem 2 depends enieially on 
having interior .solutions, with no trader up against his spending limit. 
All must have enough cash (or credit, in an extended model), where the 
meaning of “enough” depends on the payment commodity’s marginal 
utility relative to that of the other goods. Of course there can never be 
“enough” fiat money in this sense (in a one-period model), for the NE 
will always have everyone spending the limit and wishing he could spend 
more. If the CT. is considered socially desirable (as one road to the Pareto 
optimum, if for no other reason), then a society whose trading system 
resembles our replicated model should make sure that the means of 
payment is something that is both widely available and generally desir¬ 
able, either as a consumption item or as a means of payment in future 
periods. 


VI. Variants and Extension 

It is not difficult to modify the basic game so that the goods do not 
necessarily all pass through the market before consumption. A number of 
different considerations and problems arise, however, depending on just 
how this is done. We shall review some of them briefly here; for further 
details see Shapley (1976). 

Suppose, first, that a trader can hold back any part of his initial 
endowment. A strategy for i is now a pair of m-dimensional vectors (A', q'), 
with the bj representing cash bids, as before, and the yj representing 
quantities of goods sent to the respective trading posts. Thus the amounts 
[a'j — q'j) are held back. Of course we require that 

0 < ql < a}, > = 1 , ■,m. 

The prices are given by 

Pj = ^jlqj 


(if qj > 0), 
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and we add the convention that if qj = 0 any cash sent to the jth trading 
post is lost. Sales and purchases are calculated as before, but we must 
remember to add back the amounts (aj — q'^) before entering the utility 
function. 

The nomogram in the Edgeworth box works essentially as before, 
except that the domain of strategies S' is now the full rectangle M'RC'O' 
instead of the line segment M'O' (see fig. 2). It is easy to see that all 
outcomes in the northwest and southeast quadrants can now be reached 
without the aid of credit. But when there arc more than two traders, we 
find the feasible set still sharply restricted by the requirement of trading 
at fix<-d prices, as discussed previously in Sections IlC and IVD. 

Despite the naturalness of the “hold-back” option, it has one major 
disadvantage. It turns out that the enlarged strategy spaces cause the 
conditions tlial define the noncooperalivc equilibrium to be underdeter- 
mined, making the set of .solutions usually infinite.^® This circumstance 
leads us to search for ways to sharpen either the solution concept or the 
rules of the game, without entirely giving up the bold-back feature. The 
simplest expedient is to prohibit a trader from simultaneously buying and 
selling at the same trading post, by imposing the condition 

W = <>' 7 =>.••• > 

The stiaiegy domains at each trading post are now L-shapecI, with a 
corner at the initial point R. Despite this corner, a trader in an active 
trading post should not experietiee any discontinuity in changing roles 
from buyer to seller, as his budget set is still the familiar, smooth hyperbola 
through R, as long as there are other traders on both sides of the market, 
'I'he two-person ca.se is rather trivial, however, there being no meaningful 
competition to motivate price formation. 

This modification docs restore some semblance of uniqueness to the 
NE, but it has it.s own drawback; the game is not additive over players. 
A coalition has options not available to an individual. Thus, if a trader 
could split himself into two legal persons, he could buy and sell simul¬ 
taneously at the same trading post (e.g,, in an attempt to stabilize the 
price). This suggests that the restriction b]q] = 0 might be unrealistic in 
some applications. 

Any version of the rules that permits traders to stay out of a market 
has another peculiarity, namely, the possibility of trading posts that arc 

This multiplicity is not merely a matter of simultaneous buying and selling by the 
same trader that could simply be canceled out. Indeed, if at equilibrium Trader i is 
sending both goods and cash to the same trading post and if the price there is pj, then 
he might consider decreasing both q\ and A}, in the ratio of 1 to pj. This would not change 
his final outcome (assuming that he does not spend the extra cash elsewhere) or the price 
pj, but it would change the marginal cost of good j to the other traders and so destroy the 
equilibrium. 
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completely inactive. Such a situation is very stable, as no trader would 
want to enter a market where = 0. He would either lose his 

goods or money or, at best, have them returned to him to no advantage. 
Thus the “null”strategy for all traders is always an equilibrium point, 
in both of the models above. Moreover, we can arbitrarily declare any 
subset of trading posts to be Inactive and solve the remaining subeconomy 
—any NE of that subeconomy will be also a NE of the economy as a 
whole. 

We should not completely rule out such inactive or partially inactive 
solutions as unrealistic on their face. It can plausibly be argued that the 
real world is full of “latent” markets awaiting discovery which can only 
become active by an act of faith on the part of the first entrants. But we 
are interested in active NE as well, and the possibility of inactive ones 
makes the main existence theorem, comparable to Theorem 1 above, 
considerably more delicate both to state and to prove. Sometimes markets 
are “legitimately” inactive, as when the traders start with a Pareto- 
optirnal distribution. The resolution of the problem seems to lie in demand¬ 
ing that inactive trading posts have “virtual prices” at which all traders 
find it in their best interest neither to buy nor to sell (Shapley 1976). 

A. Multiperiod Extensions 

Many applications of our general approach can benefit from- -and some 
will require—the adoption of a multiperiod framework. Specifically, we 
may mention the study of (a) credit and bankruptcy, (b) nonsymmctric 
information conditions, (c) uncertainty and insurance, (d) cyclical 
variation of endowments and the money market, (e) the derived utility 
of fiat money, (f) interest rates and inllation, and (g) the role of capital 
goods and ownership shares. Shubik and others have devised exploratory 
game models for most of these situations and have worked out a number 
of tutorial examples (see Shubik 1972, 1973, 1977; Shubik and Whitt 
1973; and Dubey and Shubik 1976). There remains, however, much 
more that can and should be done. 

I’herc remain also some serious conceptual problems with the general 
mathematical theory for multistage models of this type. One kind of 
difficulty is already apparent if we try merely to extend our basic proto¬ 
type, without added features, to two or more periods. We should first 
recall that a vital ingredient in the proof of Theorem I (the existence 
theorem) is the concavity of the payoff functions 6"), with 

respect to their respective b‘. The natural way to attack the two-period 
case is to solve the second stage parametrically, as a function of the cash 
distribution at the end of the first stage. But then the traders’ total 
payoffs will include a term that depiends on thb cash distribution, and 
there seems no way to assure that this term will be concave. 
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VII. Conclusion 
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In this paper, in an admittedly simplified and abstract setting, we have 
explored some elementary implications of an explicit market mechanism 
for the formation of price. VVe believe that this species of game-theoretic 
model, by being well defined independently of equilibrium conditions or 
behavioral assumptions (though capable of accommodating such con¬ 
ditions and assumptions) and by reflecting the decentralized decision 
making attainable through the use of a tangible money, is far more 
flexible as an investigatory and explanatory tool than the usual Walrasian 
model, with its ill-defined causal linkage between individual actions and 
the action of the system as a whole. 
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Organized Futures Markets: 
Costs and Benefits 
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A futures contract is to a forward contract as payment in currency is to 
payment by check. An organized market facilitates trade among 
strangers. Such a market trades a standardized contract under appro¬ 
priate rules. 'I'he equilibrium distribution of market clearing prices Is as¬ 
ymptotically normal with a standard deviation that varies inversely with 
the volume of trade, given underlying supply and demand conditions. 
Empirical relations giving the commission and margin per contract as a 
function of the volume of trade and outstanding commitments for 23 
commodities support the theory. Also, comparisons of pertinent aspects 
of 51 commodities divided into active, less active, and dormant groups 
are consistent with the theory. 


I. Introduction 

t)f all of the hundreds of thousands of commodities in tire economy 
only a few have ever been traded on an organized futures market. This is 
a puzzle. The basic idea we use to give an answer to this puzzle draws on 
the theory of money. An organized futures market creates a medium of 
exchange, a futures contract, with many of the attributes of money. A 
futures contract facilitates trade in the commodity in the same way that 
the use of money in exchange has advantages over trade by barter under 
normal conditions. Nor is this all. A futures contract is a temporary abode 
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of purchasing power in terms of the commodity. It is these aspects of a 
futures contract and not the more common view that futures contracts 
enal)le hedgers to avoid risks that explain the benefits of an organized 
futures market. 

transaction in a physical commodity in the real world has many 
unique characteristic.s .stemming partly from the identities of the parties 
to the transaction, their reliability, credit worthiness, promptness, honesty, 
and llexibiiity; the qualities of the good; and the circumstances of the 
trade. These jiarticttlars make a transaction in the physical commodity 
resemble a barter trade. The two parties in a mutually acceptable trade 
have costs like those that arise in the double coincidence of trade by 
barter. The introduction of a standard futures contract by an organized 
futures market creates a financial instrument that can be traded without 
knowing the actual identity of the two parties in the transaction. The 
seller ol the fiiltires contract incurs a lialiility to the organized futures 
market, and the buyer acquires an a.ssel from this market. Neither need 
have roneeru about the integrity of the other in the same sense that one 
who areepts a $1(1 banknote in payment I'or something need not worry 
iiboiii the eicdit rating of the buyer. This argument imjdies that any 
eoimnodily not made to order ean benefit from the introduction of an 
organized luuiies market. Ihe latter has a cost. Therefore, the use of 
this commercial invention, the futures contract, appears only for those 
eonmiodities vshcre the benefits outweigh the co.sts. 

riie development of a formal theory of these costs and benefits begins 
with a sloeha.slic model of market clearing prices whicli has it.s roots in 
the economies ol iriforination and search. This model shows that the 
distrihmioti of market clearing price's is asymptotically normal. The 
stanchud deviation of the limiting normal distribution depends on certain 
properties of the underlying schedules ofbids and olfers. Also, the realized 
market clearing price appro.iciies the asymptotic market clearing price 
in probability as the number of traders increases. This theory is a marriage 
of economics and probability. 

The standard deviation of the distribution of market clearing prices 
measures the liquidity of tlie market. There is a cost of lowering the 
.standard deviation and there arc benefits. The optimal amount of 
liquidity takes both the costs and benefits into account and results in some 
po.sitive value of tlie standard deviation. 

Although the standard deviation is an important clement in our 
theory and seems to be a roundabout way of introducing risk, our emphasis 
is different and leads to different implications than a theory of futures 
markets based on the concept of reducing risk. An organized futures 
market is not necessary in order to obtain the advantages of hedging. 
These can result from a system of long-term contracts. However, ar 
organized futures market can reduce the costs of moral hazards by th< 
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introduction of a standard contract. A long-term contract between two 
parties depends on their integrity. In a situation with many participants, 
a standard contract with the backing of the organized market has less 
moral hazard. Ours is not a theory of why there may be advantages in 
long-term contracts; it is a theory of the net benefit of an organized 
exchange. There is some common ground since a long-term contract and 
.1 futures contract both refer to dates in the future. Hence an organized 
fiilurt's market is more likely to occur in commodities where the timing 
of transactions is more important. This only gives a set of necessary 
conditions, and it does not furnish sufficient conditions for the emergence 
of an organized futures market. 

More generally, this theory asserts that a necessary feature of an 
organized market is a standard contract traded in that market. This 
standard contract need not be a futures contract. It may be a certificate 
that allows the bearer to obtain on demand a specified quantity of a 
good. (Certain forms of certified warehouse receipts, gold and silver 
certificates, and similar financial instruments, such as shares of stock, 
have these properties. If the standard contract represents a jihysical 
good, then some legal entity is liable for fulfilling the terms of the contract 
on demand. This person would hold sullicient rc.serves to maintain the 
probability of default at an optimal level. Reserves equal to a fraction 
ol the outstanding commitfnents of the standard contracts may suffice, 
fhese standard contracts may circulate among the traders at market 
ilciermincd prices, and the participants may never wish to convert their 
standard contracts into the phy.sic.al good. This is plain in the case of 
shares of stock since rarely do the shareholders wish to liquidate the 
corporation. 

This argument implies that the number and identity of the participants 
in .1 potential organized market is important. If this number is small, if 
the potential participants know each other, and if there is little turnover 
of these participants, then they may not need a standard contract to 
deal with each other. If there is a large number of potential participants 
and a rapid turnover of these traders, then this raises the benefit of a 
standard contract as well as the benefit of having an organized exchange, 
fhe members of the exchange meet certain requirements so that those 
who deal with them can rely on their integrity. The members of the or¬ 
ganized exchange also face the problem that their clients may lack 
integrity. That is, as the number of potential participants in an organized 
market increa.ses, the cost of having them all trade on their own account 
in the organized market may rise more than proportionally. This is not 
only because of the increasing congestion this would cause but also because 
there may be increasing costs of having one organization certify all of the 
potential traders. 

Even without an organized market in a standard contract the traders 
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may have confidence in each other if each is a legal representative of 
well-known principals. This is an important consideration when the 
trade is in financial instruments that repre.scnt actual goods or assets 
instead of trade in the physical good.s or as.scts themselves. The latter 
docs occur in, say, a flea market. Kven if the buyer is a good judge of the 
commodity before him in the flea market, there is still the problem that 
lie must know that the seller is the legal owner of the good or is the agent 
of the legal owner. The.se are important problems in the real world that 
are often overlooked in .some ftirmal theories of market exchange. 

I’he theory lierein owes a debt to some important contributions by 
otficrs. Most notable is Holbrook Working, who always put the emphasis 
on the functions of a futures market aside from its advantages to hedgers. 
In some of his work he came close to regarding a fntnres contract as a 
temporary abode of purehasing power in the physical commodity (19.').3, 
l!)b7). II. S. Honthakker also points out the similarities between money 
and fiiinres eonli iu ts in his iO.’iy article. In contrast, most of the economists 
who have written on the snbjeel, beginning with Marshall’s Industry md 
I 'nidc { l')20}, liillow the convention of focusing their attention on hedging 
and speeulaUon, wliieli loses sight olTlic more fundamental properties of 
tin org;itu/.ed exchange. 

riiere is another important aspect of the sul>jeet that is peripheral 
to our mam iiueiesl, and we do not discuss if. This refers to the actual 
rules ol the c.xi hange and the operation of the market. J'liis topic deserves 
the close attention of economists because it deals with the practical 
problem o( ncaling a set of conditions that ran make a real market 
hmclion according to the theoretical model of a perfectly competitive 
market Inliiriued observers of actual futures markets know that this is a 
dillicull task An organized futnres market cannot survive unless it does 
ai)|)roxim;ite a perfei ll)' ronipelitive market. 

II. Properties of an Organized Exchange 

before presenting a theory ol the costs and benefits of an organized 
fntnres maikel, it is helpful to de.scribe .some of its important properties 
Trade oeems in one physical place, the floor of the e.xciiange, durint 
specified lionrs, called the trading ses.sion. The traders cry out bids ant 
olfers, making a bilateral auction market. Only members of the exchang 
may trade on the floor, and no member of the exchange may mak 
transactions olf llic floor of the exchange. Members ol the exchang 
either trade for themselves or under the instructions of their clients wh 
are typically not members of the exchange. Many organized exchang' 
arc responsible for ensuring that the terms of a transaction are fulfillei 
'The two parties in a transaction agree on price and quantity of the give 
I'utttres contract. All other terms of the contract are specified by the rul 
of the exchange. 
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The exchange determines the number of members who may trade on 
the floor. A membership is often called a seat on the exchange. A member 
may sell his scat to a nonmember. However, this is subject to some control 
by the exchange. The exchange investigates the character of potential 
members, and it mav refuse permission to a potential buyer of a scat. 
The price of the scat is mutually agreed upon by the seller and buyer 
and is not subject to control by the exchange. 

The exchange can discipline its members by imposing fines, suspending 
their trading privileges, or by expelling them. The oldest organized 
futures exchanges, such as the Chicago Board of Trade, have evolved 
elaborate rules as a result of their long experience. These rules intend to 
give those who trade on the exchange confidence in the reliability of the 
transaction executed on the exchange. Members of the exchange must 
e.xecule the orders of the public, that is, noniiieinbers, before they execute 
their own trades. Exchange members who make fictitious trades are 
subject to penalties. Such fictitious trades intend to record prices that 
vvill mislead others. The exchange defines the terms of a contract such 
that all contracts of a given class arc perfect .substitutes and such that the 
validity of a transaction in that contract does not depend on the identity 
of the principals. Thus, a standard contract for the delivery of .'),000 
bushels of wheat in ,July 1976 executed on the floor of the (Ihicago Board 
of Trade in January 1976-at a price mutually agreeable to the parties 
is as well defined as currency. A futures contract is to a forward contract 
ns currency is to a check drawn itgainst a demand tleposit in a commercial 
bank. The validity of a .genuine $10 bill, one prinutd in the U.S. Bureau 
of Engraving, docs not depend on who offers it in payment, while the 
\alidity of a $10 check depends on the identity of the person who writes 
or presents it and on the identity of the bank. Similarly, the validity of a 
July futures contract on the C.'hicago Board of I'radc is as good as the 
faith and credit of the Cihicago Board of Trade, while the validity of a 
forward contract for,July delivery depends on the integrity of the buyer 
•and seller in the transaction. 

A forward contract shares with a futures contract the important 
Iiropcrty that the buyer and the seller a,grcc in the present on the terms of a 
transaction that will be completed at a specified lime in the future. The 
iniporlant distinction between the two kinds of contracts lies in this. In a 
forward contract the actual identity of the buyer and seller is important. 
Xeither has recourse in case of dispute to a third party other than a court 
ol law. The validity of the forward contract depends on the good faith of 
the two parties themselves. A futures contract has a third party, the 
organized exchange or its designated representative, that guarantees the 
validity of the contract and will enforce the terms. When A sells forward 
to B, the consummation of the transaction depends on their honesty. 
When A sells a futures contract to B, A incurs a liability to the organized 
exchange and B acquires an asset from the organized exchange. The 
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As the number of traders in the market increases indefinitely, the market 
clearing price approaches the solution given by (3). 

Under mild assumptions about the cumulative densities, f^(-) and 
U( ), this theory implies that the distribution of the market clearing 
prices is asymptotically normal. This result also holds even if individual 
traders each make bids or offers for more than one unit of the good, 
provided each trader has a negatively sloping excess demand and is small, 
m an appropriate sense, relative to the whole market. Since the details 
are available elsewhere (Tciser, forthcoming), the proof here is brief. 
The ])opulation ([uantilc of offers that can expect acceptance at the 
asyinirtotic market clearing price /),. is U(p^). Given a random sample of 
m offers, calculate the sample fractile, which is some price, corresponding 
to the population fractile f''(/>,.). If (3) has a unique solution and if 
LI {f>) has a derivative in a neighborhood of and at /),„ then the random 
variaitic \rn(p„ — p,.) convcrgc.s in distribution to normality with mean 
/eio and standard deviation a(p„), where 

= {1/«(/>,.) (4) 

Similarly, for a random sample ofn bids, the random variable s/ Ti{p„ — 
converges in distribution to normality with mean zero and standard 
deviation <T(p„) where the expression for (7(p„) is the same as for (!{p„), 
alter making the appropriate substitutions, 1 — V for IJ, V for 1 — 1), 
I) for a, and 11 for m. By hypothesis, the samples of bids and offers are 
lnde[iendent. Therefore, the dislributioit of market clearing prices is 
tilso asymptotically normal with mean zero and standard deviation 
where 

(S) 

.Several importtmt propositions follow from this analysis. First, the 
stanthud ileviation of the distribution of market clearing prices is a 
decreasing function of the stptare root of the number of transactions. 
Second, the standaril deviations are lower the larger the slopes of the 
ctimuhitive densities. The .slopes measure the homogeneity of the offers 
or bids in the po]udation. If .all offers were the same in the population 
then dLI(p^.)jdp = 00 , which corresponds to an infinitely elastic supply. 
Consequently, (4) asserts, o{p„) — 0. If all offers in the population were 
different so that dLIjdp approaches zero, then IJ{p) would approach an 
improper uniform distribution on the lialfline [0, ooj and a{p^) would 
increase indefinitely. Therefore, the homogeneity of offers varies inversely 
with dlljdp. Third, the standard deviation has a maximum if V[p^) = 
Uip^.) = 1' 

^ Tht cfTcrt ol'hrlt’rogcneity on the standard deviation is given as follows. Assume there 
are n normal distributions, denoted by Nf, i = I,..,, n. Let ctf be the probability of a 
random drawing from A’,. Let denote the mean of and <T( the standard deviation of 
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According to tliis theory the standard deviation of the distribution of 
market clearing prices approaches zero as the number of potential 
transactions per unit time increases. A given batch of transactions has 
one market clearing price at which mutually acceptable trades can occur. 
It is the size of this batch that determines ct(/>„,„). The cost is an increasing 
function of m and n and there is also a benefit. The optimal volume of 
trade depends on both. The analysis of costs and benefits in the next 
section determines the optimal value of a and shows that it is positive. 
In this way we obtain a theory of the equilibrium price distribution with 
both the mean and a explained by the theory. 

IV. A Theory of the Net Benefit of an Organized Futures Market 

The preceding section shows that the distribution of market clearing 
prices is asymptotically normal with a standard deviation, tr, given by 

<T = aKx'^i^, (6) 

where x is the volume of trade corresponding to m and n in the preceding 
section, K a parameter that depends on the underlying supply and demand 
for the commodity, and a represents certain exogenous factors that we 
consider in more detail below. For present purposes it is convenient to 
write (6) in a more general form: 

= ,?(•»■. a). (7) 

Nf A'denote a random variable. Then 

^ = i:.K = I E{X-.S,) fr (N,) = V (1) 

< I 

Also, 

EX^ = 2 E{X^:N,) l*r {N,) = 2 a,{of + /if). (ii) 

4 I 

= of + /if. Since var A' = EX^ “ (EX)^, it follows that 

var A" = 2 + m}) - (2 (‘‘‘) 

However, ^ adtii ~ f') ^ = Z ~ that (ill) becomes 

var .V = 2 + Z "'d/'i “ (‘v) 

If of z= o^ for all t then (iv) reduces to 

var A’ = <7^ + 2 (v) 

Therefore, 

var X — var X, = 2 — /i)^ > 0, (vi) 

with equality if and only if //, = // for all *. This shows that heterogeneity raises the 

standard deviation of the distribution of the random variable X. For the application to the 
distribution of market clearing prices, 

<7? = F.u - (vi.) 

where denotes the size of the random sample from Let pi denote the asymptotic 
market clearing price in market I. If^ Fj(pi) t j, then there are differences both 
with respect to //< and with respect to <T|. 
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and, in conformity with (6), < 0% > 0, ^nd g^^ < 0. We assume 

that tiie same function g(-) applies to all commodities and that differences 
amoni^ commodities express themselves via different values of a. 

The total cost function of having and operating an organized market is 

c = h{x, X, a), (8) 

where X is the size of the outstanding commitment of futures contracts, 
called the open interest. J'he presence of ,v, the volume of trade, as an 
argument ol' this total cost function needs no discussion. Assume > 0. 
rite open eornmilment, A', enters for two reasons. First, there is a cost of 
record keeping. ;\ huyi-r anti seller in the market agree on the price and 
(|uantity. I'liis transaction creates a finatu ial instrument on the balance 
sheet of the futures niarkel, or, more exactly, its clearinghouse. The seller 
of a futures eontraet has a liability to the clearinghouse and the buyer has 
an asset of the cleatinghcuise. I'he clearinghouse must keep track of the 
identity of its debtors, called the shorts, and its creditors, the longs. This 
irn|)oses a cost that is an incretising ftinction of A’. .Some of the trade 
on an organized market eotnes from outsiders who arc not nieitibers of 
the ext hange, I hese trades go through the exchange members who carry 
out the ordt'fs ol' their customers. Hence the exchange members incur 
costs as a result of the actions they take on behalf of their customers. These 
costs depend on .\, X and (T and are included m the fiinction /;(•)• 
Accoidingly. Ay > 0. 

The total (list also tlepends on both A' and a because an exchange 
member is liable to the < letiringhouse for the commitments of his customers. 
The commodity price may change adversely to the customer of the ex¬ 
change member. This can impo.se a lo.ss on the exchange member although 
he can licpiidate the customer’s eommitment in order to limit the loss. 
'The exchange member normally retpiires a security deposit, calletl the 
margin, from his customer in order to protect himself against loss. 'This 
gives a cost per futures contract to the customer that is proportional to 
the margin per contract. If the only traders on the floor of the exchange 
were |)ilnci[)als then it would not be necessary to have margins and this 
com|)onerit of the total cost could be .ivoided. The higher is cr, the larger 
is the margin per unit of X and the higher is the total cost. Therefore, 
/ly > 0, > 0, and /ty„ > 0. 

The net marginal cost with re.spect to volume is dhjdx given as follows: 

dhidx = + k„g^. (9) 

Since the theory stipulates > 0, A,, > 0, and g^ < 0, the net marginal 
cost can be negative. If the net marginal eost is positive, then, since < 0, 
dhjdx can be a U-shaped function of x. It is more convenient to return to 
the analysis of this function in conjunction with the discussion of the 
equilibrium conditions given below. 
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The total benefit, denoted by b, is an increasing function of a and X. 
Since a is the standard deviation of the distribution of market clearing 
prices, if it enters the benefit function at all, it should do so as a "bad.” 
That is, an increase in a lowers the total benefit. There would be little 
point in making <t an argument in the benefit function because this would 
simply complicate the algebra without yielding new results. The theory 
does assume that the total cost is an increasing function of cr. Consequently, 
as it stands, the net benefit, which is the total benefit minus the total 
cost, is a decreasing function of a. This means that <j now enters the net 
benefit function as a bad. 

There is another separate issue relaterl to price variability. One reason 
often given for having an organized futures market is to enable hedging 
by dealers in the actual commodity. Someone wlio has a commitment in 
the actual good, according to this argument, can take an oll'setting 
position in commodity futures contracts and thereby reduce the effects 
of a change in the price of the commodity. The price risk per unit of 
the commodity i.s an increasing function of the unpredictable price 
variability, denoted by [i. Therefore, the benefit of an organized futures 
market is an increasing function of /). Write the benefit function as 
follows; 

h = f(.x,X, N,P). (10) 

As.sume that /^, and y), arc all po.sitivc. Now if P represents tlie un¬ 
predictable price variability, it should also affect a, which is the standard 
deviation of the distribution of market clearing prices. Hence we modify 
(7) and write 

^ ga > 0 and .gj > 0. (7') 

This formulation distinguishes between those factors as given by the 
parameter a that affect ff and those which alfect price variability over 
longer periods of lime as represented by /}. for instance, seasonal vari¬ 
ation can raise (j and docs not necessarily alfect p (sec n. 1). This formula¬ 
tion shows that the effect of a rise of P on the net benefit is indeterminate 
because both the cost and the benefit arc increasing functions of /?. 

The parameter N in the Ijcnefit function represents the number of 
traders who can benefit from the organized market. Recall that we regard 
a futures contract as analogous to a form of money that facilitates trade 
in the commodity. A futures contract corresponds to trade with a common 
medium of exchange. Since a common medium of exchange is more 
useful the larger the number of participants, the total benefit increases 
with N,f^ > 0. Also, lct/^„ > 0 and > 0. 

Assume that the equilibrium values of x and X give the maximal net 
benefit 


J{x, X) = b -c. 


(II) 
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and assume that the observed values of at and X are the equilibrium values. 
A sullicient condition for the existence of an equilibrium is that the net 
benefit function, J{x, X), is strongly concave in x and X. Hence the 
equilibrium is given by the necessary conditions for a maximum of the 
net benefit subject to the nonnegativity constraints, x and A ^ 0. We 
obtain 

dfjdx — dhjdx < 0 and dfjdX — dhjdX ^0. (12) 

The terms dfjdx and dfjdX giving the marginal benefit with respect 
to the volume of trade and open interest correspond to the demand for 
the services of an organized exchange. The terms dhjdx and dhjdX giving 
the marginal cost with respec t to the volume of trade and open commit¬ 
ments correspond to the .sujtply of .services of an organized exchange. If 
the e<iuilihriiini values of x anti A' are positive, there is equality in both 
e(|uiiil)riuin conditions of (12). The two conditions are independent 
although one refers to .v and the other to A’, and under suitable conditions 
X is the r;ite iT change of A’. One can have A' = 0 and x > 0, giving the 
implication of an upward Jump of X. One may have A’ > 0 and .v = 0 
so that although there are positive outstanding commitments, there 
happens to be no trade. I'inally, if the equilibrium values of x and X 
are both zero there is no orgatiized market in the good. I his theory states 
the absenre of an otganized market as a corner solution of the equilibrium 
conditions. 

1 here is the complication that the net marginal cost, dhjdx, is not 
neeess.'inly monotonie. Under the hypothesis that the net benefit function 
is strongly concave and that the benefit function f{\', A’, N. fi) is concave 
in the first two argutnents, there are definite restrictions on the properties 
oi' dhjdx. riuis, dhjdx tmtst be increasing wherever it is negative, dhjdx 
IS jiositive and deere.ising, then it must decrease less rapidly than df jdx 
at eorres|)onding values of .v. 

Let / denote the comtnission per transaction. The theory asserts that 
in equilibrium with .x > 0 the commission per transaction satisfies the 
equation 

I = dhjdx = dfjdx. (13) 

In practice the situation is more complicated, first, the members of the 
exchange dclerininc the smallest unit that may be traded and the min¬ 
imum allowable price change per contract. For example, a wheat futures 
contract is .'i,000 bushels and the minimum allowable price change per 
contr.act is SI2.30 on the Uhicago Board of Trade. There arc floor 
traders on the exchange who do not carry an open position overnight 
and who make many trades during a trading session. Their activities 
may increase x and lower a. The return to these traders depends on their 
cost and is a function of the minimum quantities that may be traded 
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and the minimum allowable price change. The marginal cost also 
depends on the rate of arrival of information, the level of trading activity, 
and the distribution of the sizes of the transactions. 

There is another important aspect of an organized market. There are 
traders and brokers who specialize in the commodity and who furnish an 
inventory of their services during a trading session almost independently 
of the volume of trade during the session. The number of these specialists 
in the long run varies directly with the expected volume of trade. For an 
inactive commodity the commission per unit transaction may include a 
fixed component that remunerates the specialists for the services they 
provide by their continued presence on the floor even when trade is 
light. As the expected volume of trade rises relative to the stock of out¬ 
standing contracts, this phenomenon diminishes in importance. 

Let m denote the margin per contract. Assume that the cost of the 
margin is proportional to m. In equilibrium with A' > 0, the margin per 
contract, up to the factor of proportionality to represent the cost, satisfies 
the equation 

m = dfldX = dhjdX. (14) 

In practice the size of the margin depends on the nature of the com¬ 
mitment, whether it is speculative, a straddle, a spread, or a hedge. It also 
depends on the exchange rule that determines the maximum allowable 
change in the price per contract during a single trading session. Trade 
during a session cannot continue unless price changes remain within 
prescribed limits. As a result there is a relation between the margin per 
contract and the maximum allowable price change per contract. Recall 
that the members of the exchange often act on the instructions of their 
customers and that many of the principals do not directly participate 
in the trade on the floor of the exchange. This relation between the margin 
per contract and the maximum allowable price change per contract gives 
all of the brokers time to consult their customers to determine whether 
the customers wish to continue their commitments in the face of adverse 
price change by furnishing additional margin. Otherwise, a broker would 
close out the commitment of his customer. The larger is the maximal 
allowable price change during a trading session the larger is the margin 
that the broker demands from his customer. The margin is between one 
and two times the daily maximal allowable price change per contract.^ 

^ For the 17 commodities in the sample of actively traded goods, the simple correlation 
between the maximal allowable daily price change per contract and the margin per 
contract is 0.812. The margin increases by $1,972 per contract for each $1 increase in the 
maximal allowable daily price change per contract. For the 23-commodily sample, the 
simple correlation is 0.796 and the slope is different. For each $1.00 increase in the 
maximal daily allowable price change per contract, the margin rises by $1,744. The 23- 
Commodity sample includes six less actively traded ones. These results show that the 
increment in margin per dollar increment in daily price limit is lower for the less actively 
traded commodities. 
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This argument implies that in those organized markets where the prin¬ 
cipals trade directly it would be unnecessary to stop trading so that there 
would be no maximum allowable price change. In such markets margins 
would also not be needed. 

Wc study the properties of this theory in two different ways. First, we 
see how changes in the values of the exogenous parameters, a, f}, and N 
aflect the equilibrium values of x and X. Second, we study how the margin 
and the commission depend on the.se exogenous parameters. We maintain 
the hypothesis that the functional forms of the benefit and cost functions 
are the same for all commodities and that differences among the com¬ 
modities express themselves via the values of the exogenous parameters. 

Assume positive values of the initial equilibrium of x and X so that the 
equilibrium conditions given by (12) arc equalities. Write the first-order 
conditions of tlie maximum of ./ = 6 — c in the form = Jx — O’ 
Use the symbol z to denote one of the exogenous variable.s, a, /?, or N. 
Uilferentiate the equilibrium conditions with respect to z and obtain 
the equations as follows: 



(15) 


Call the matrix on the left-hand side of (15) M. The hypothesis that J is 
strongly concave implies that M is a negative definite matrix. Hence 
multiplication of the expression in (15) on the left by the row vector 
[d'cjdz dXjdz] gives 


{dxjdzH,, + [dXjdz)J,x > 0. (16) 


If= II, then = Jn,, and J.x = Jpx- Con.scqucntly, 

\Jftx Sxf! (17) 

\jpx — fxp ~ ^‘xaSp- 

Both cjf these expressions are of an indeterminate sign, riiereforc, (16) 
does not fix the signs of dxjdfi and dXjdji. This is an important result 
because it means that a ri,se in exogenous price variability represented by 
the parameter [I has an effect on x and X that depends on the actual 
numerical values of the terms in (15) and that knowledge of the signs of 
the components is not sufficient to predict the effects. The same conclusion 
applies to a since 

./ax ^xaSa ^^aaSxSx^ (^^) 

JxX = -hxaSx <0. (19) 

The indeterminacy of the sign of y„j is due to the negative value of^,^. As 
we shall see from the empirical results, the figures give strong support to 
the view that < 0. 
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Take z = N. Then 

Jnx ~ fxti ^ Jnx ~ fxN > 0 . ( 20 ) 

It is now convenient to write out the solution of (15) for z = N. We 
obtain 

dxjdN = {-JxxfxN + Jxxfxs)!^^^ M (21) 

dXjdN = (JxxfxN ~ Jxx.fxN)l^^^ (22) 

The only terms with an open sign in (21) and (22) involve J^x- If Jxx 


is positive, then both dxjdN and dXjdN must be positive. If so, the larger 
the number of potential participants in the market the larger is the 
equilibrium volume of trade and equilibrium open interest: 

Jxx — Sxx ■" ^Xx ~ ^axSx- (23) 

Assume X and x are complements in the benefit function so that > 0. 
By the preceding argument, > 0 and < 0. Hence two of the three 
terms in J^x would be positive. Even if iTiay have k^x of 

cither sign. To settle some of these questions we now consider the ad¬ 
ditional evidence that commissions and margins can furnish. 

Equations (13) and (14) give the equilibrium relating the commission 
t to the marginal benefit and marginal cost and the margin m to the 
marginal benefit and marginal cost. That is, 

■< = /x = + J?x^. and = fx = hx- (24) 

Hence I and m are functions of a, ft, and A^. If one can identify the cost or 
the benefit function using econometric technique.s, then this would 
contribute to our knowledge of the relevant parameters and it would 
remove some of the indctcrminacies above. To this end, we proceed as 


follows; 

lx = fxx = f>xx + 5x(2I'„x + gx>i<,„) + Kgxx^ (25) 

lx ~ fxx ~ ^Xx gx^‘irX’ (26) 

lx ~ (^xff T ^xxgx) gx 4" ^xgxxf 

(recalling that a docs not appear in /), (27) 

h =fxf = (/ixx + Kxgx)gf + f>xgxe, (28) 

In — fxN 

(recalling that N docs not appear in A or ^ by hypothesis). (29) 
Now one may write 

dl — dx + lx 4" lx dot + Ip dp -1- Ij^ dN (30) 


in two different ways by using either the partials from the cost side or 
the partials from the demand side. Taking a convex combination of the 
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partials from the cost and the demand side gives a continuum of possible 
ways of writing dl in terms of the underlying structure. That is, 

dt = \0{dhldx) + (I - dx + [0(5hl8X) + (1 - 0)/;,J dX 

+ \0(6hl8a) + (1 - d)0] da + WSh/Sp) + (1 - 0)f^p]dp (31) 
+ [0 + (1 - 0}Ls] dN, 

where 0 < d < 1, and ShJSx, ShlSX, Shj5a, ShjSp, and Sh/Sn denote the 
right-hand sides of (25)-(29) where this is applicable. Since the cost 
function excludes N while the benefit function includes N, a regression 
of / on the variables on the right-hand side of (31) that excludes dN 
requires 0=1, so that the eost function is identifiable. 

A similar argument applies to the margin. We liave 


"’x 

— Jxx — 

l‘Xx + l>XaSx’ 

(32) 

"’x 

— fxx — 

^xx> 

(33) 


^Xa^a 

(cf. [27]), 

(34) 


— fx0 — 


(35) 

rrif, 

— fxN 

(Cf f29|). 

(36) 

regression of 

m on the 

explanatory 

variables excluding dN 


would identify the pertinent parameters of the cost function. 

I'his theory determines the equilibrium values of tr together with the 
equilibrium values of x and A'. Given x and A', the distribution of market 
clearing prices is asyntplotically normal with a standard deviation 
depending on .t. The values of .v and A' give the maximum net benefit, 
lienee tlie theory fletermine.s the optimal value of <7 which takes into 
aecoutil the marginal benefit and the marginal cost of trade on an or¬ 
ganized exchange. Cktnsequently, a is an endogenous variable in this 
theory. 

Section VI eontinues this analysis empirically. 


V. The Sources of Price Variability 

Since the empirical evidence refers to physical commodities, not financial 
instruments such as foreign exchange or bonds which sometimes also 
have organized futures markets, we parcel out the sources of price variabil¬ 
ity among the explanatory variables regarded as random variables in 
the following function; 


log/,, = floi + «i, log 9i, + azi log/, + 


( 37 ) 
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where 

Pi, = U.S. price of commodity t in year t during the month of 
peak stocks divided by the U.S. wholesale price inde.x,^ 
q,, = stocks of commodity i in year t during the month of peak 
stocks in the United Stales or the world, depending on 
which is more suitable, 

y, = U.S. gross national income divided by the U.S. consumer 
price index, 
u„ = residual. 

The coefficient a,, gives the elasticity of the price with respect to the 
stock, called EPQ; the coefficient aji gives the elasticity of the price 
with respect to deflated national income, called KPY; VPAV i.s the 
coefficient of variation of the annual average price of the commodity; 
STDERR is the standard deviation of the residual. Wc also measure the 
variability of monthly prices in terms of a parameter called VPM2 (see 
the Appendix for the details). All of these measures are in percentage 
terms and are dimensionless numbers comparable across commodities.* 
In terms of the theory in the preceding section, these statistics are 
among the determinants of P which enter the benefit function. They are 
also among the. determinants of a. which affect cr in (7'). We claim that 
a and p are Increasing functions of EPQ., EPY, VPAV, STDERR, and 
VPM2. 

We take the explanatory variables in (37) as exogenous. First, the more 
elastic the underlying supply and demand curves for the commodity 
the closer a,, is to zero. Hence annual variability of stocks has less effect 


^ Under a system of market-determined foreign exchange rates, the nominal price in 
U.S. dollars of internationally traded goods, the goods in our sample for the most part, 
would depend on the factors that determine the U.S. aggregate price level. Under fixed 
exchange rates this is no longer true. The prices in U.S. dollars of internationally traded 
goods respond to the forces determining the U.S. aggn-gale price level only insofar as 
these forces also influence the world market for these goods. The U.S. economy is a 
substantial fraction of the world economy. Therefore, even with fixed foreign exchange 
rates, the prices of internationally traded good.s denominated in U.S. dollars depends on 
the factors influencing the aggregate price level in the U..S. Our analysis treats the U.S. 
relative price as an endogenous variable. It is, therefore, consistent with floating exchange 
rates determined by free market forces or with fixed exchange rates and the U.S. economy 
as a substantial fraction of the world economy. To the extent that the U.S. dollar w’as a 
reserve currency during the time of fixed exchange rates, the case for treating the U.S. 
price level as a function of U.S. monetary and fiscal policy is even stronger. Our em¬ 
pirical experiments with various alternatives led ils to the formulation we use. 

* Even if the in (37) were I for one or even for all commodities, this would not 
affect the logic of the decomposition of the sources of price variability in terms of the 
explanatory variables of (37). One may regard (37) as giving an analysis of variance of 
the price in terms of the variability of the explanatory variables, log q,, and log y,, 
regarded as random variables. To the extent that iogj>, and log are predictable 1 or 
more years in advance it would be desirable to represent this in the analysis of variance. 
For present purposes this is outside the scope of our analysis. 
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on annual price variability as a,i approaches zero. For example, the 
better the substitutes for a given commodity in either demand or supply 
the closer On is to zero. Second, price is less responsive to income as 
approaches zero. The level of income affects the demand for the com¬ 
modity. As a result, Oj; *!'•■ compound effect of the size of the income 
elasticity of demand and the size of the elasticity of supply. The larger 
is the income elasticity of demand, the larger is itji- The smaller is the 
elasticity of supply, the larger is Oj... Therefore, a high income elasticity 
of demand and a low elasticity of supply combine to give a large value of 
«2,- I he standard deviation of the residuals measures the effects of 
exogenous factors on price variability that are uncorrclated with the 
variables explicitly included. Since VPM2 gives the mean value of the 
standard deviation of prices around the monthly means, it measures the 
effects of short-term price variability in contrast to the preceding statistics, 
which give measures of different aspects of annual price variability. 

The sam|)le has .'ll commodities for tlie period 19.')9 -71 (an appendix, 
avtulaltle to the retider on request, tle.scribes the .sources). We divide 
the sam[)le into three subsamples of equal size such that the first has 17 
actively traded goods, the .second has 1 7 less actively traded goods, and 
the third has 1 7 with little or no trade as far as we know. Each commodity 
in a subs;uii[)le lias two companions, one in each of the other two sub- 
samples, with roughly similar gross characteristics— metal, meat, fowl, 
wood, etc. Wc Lt.sc three criteria to place a coinmodily into a subsamplc - 
the size of the open interest, the volume of trade, and the duration and 
timing of trading tutivity. Each subsample has commodities difficult to 
place. 1 or example, we put plywood and broilers in the active group 
and wool and oats in the inactive group, although the latter two have a 
larger open interi'M than the former two. We took as decisive the fact 
that plywood and broilers have a larger volume of trade. If trade in a 
coimnodity came to a halt at some point in the sample period and did 
not revive during the remainder of the sample period, we put that 
comrnodtty into the inactive group. This explains our placement of cotton¬ 
seed meal, coffee, aiitf zinc. A few commodities in the inactive group arc 
actively traded in Eondon, such as tin .and zinc, tlocoa is active in both 
London and New York We put cocoa in the active group. Ciopper, in 
the active group, is more active in London than in New York. There 
have been .attempts to start futures markets for some commodities in the 
dormant group that so far have failed. These commodities are nickel, 
apples, hams, and rice. Wc have been unable to discover any attempts to 
organize futures trading for some commodities in the dormant group, 
including newsprint, lamb, veal, and frozen strawberries. Except for 
platinum, our active group includes every commodity actively traded 
on an organized futures market in the United Stales during the sample 
period. 
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In some cases the absence of an organized futures market probably 
results from highly stable prices due to governmental policies or actions 
of private concerns. Foreign exchange, though not in our sample, best 
illustrates this point. Market determined foreign exchange rates began in 
1971. Before the United States closed its gold window the fiscal authorities 
of various nations had a coordinated price-support program for foreign 
exchange that maintained a web of fixed exchange rates. Prior to 1971 
futures markets in foreign exchange were unimportant. Similarly, the U.S. 
government price-support program in peanuts and tobacco stifles interest 
in futures trading in these commodities. Trading in cotton, a commodity 
with an organized spot market in New York since the eighteenth century, 
virtually expired when government stocks were large and growing. 
Trading did not revive until after the disappearance of the government 
inventory. Published prices of petroleum crude oil and newsprint are 
very stable. This seems to have the same effect as a price-support program, 
but we know of no government policy as the explanation. Perhaps the 
Texas Railroad Commis.sion is to blame for stable crude-oil prices. The 
end of our sample period precedes the Arabian oil embargo to the United 
States by 2 years. 

Accepting this classification of the commodities into the three groups, 
we now examine the pertinent evidence. Table I gives the means and 
standard deviations of the variables related to price variability. 

According to table 1, VPAV is highest for the active group, next 
highest for the inactive group, and lowest for the dormant group. This 
pattern could occur by chance with a probability of 1 percent. Both 
VPM2 and STDERR show the same pattern. Therefore, prices are most 
variable for the actively traded group, next most variable for the inactive 
group, and least variable for the dormant group. 

Consider now the pattern with respect to the sources of price variability. 
The EPQ approaches zero as we move from the active to the dormant 
group. This is clearer if, instead of calculating the percentage price change 
with respect to a 1 percent change in stocks, we compute the percentage 
price change with respect to a 1 percent change of the coefficient of 
variation of stocks, a parameter denoted QRSK (quantity risk). The 
inverse relation between trading activity and QRSK is significant at the 
99 percent level. Also, EPY decreases with trading activity but the pattern 
has a low level of significance, 83 percent. Finally, observe that the 
(RSQ) and DW statistics do not differ significantly among the three 
subsamples. 

Table 1 shows two other aspects of the difference among commodities 
that are relevant for our argument. First, the seasonal index of prices is 
positively correlated with the marginal cost of storage and with the 
holding of stocks. Observe that the price seasonal varies inversely with 
trading activity. That is, the actively traded commodities show a more 
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TABLE 1 

Means and Standard Deviations of Selected Characteristics Related to 
Price Variability of 17 Active, 17 Inactive, and 17 Dormant Commodities 


Paramclrr 

Active 

1-17 

Inactive 

18-34 

Dormant 

35-51 

Total 

1-51 

Significance 

Level* 

VPAV. 

I().4f.l0 

(6.6498) 

12.7476 

(4.7874) 

11.5544 

(6.0370) 

13.5877 

(6.1319) 

.010 

VI'M2. 

.6.5363 

(3.0607) 

4.7726 

(3.9698) 

2.9326 

(2.3594) 

4.4139 

(3.3277) 

.016t 

EP( .... 

-0.6007 

(0.0014) 

-0 3628 
(0.9100) 

-0.2322 

(0.4596) 

-0.3086 

(0.7814) 

.071 

ORSK. 

11.6102 
(8.0936) 

8.2079 

(7.1992) 

4.8470 

(3.5411) 

8.2217 

(7.3660) 

.006 

EPY. 

0.15.57 
(0.9810) 

0 1118 
(0.4470) 

0.06297 

(0.5439) 

0.1102 
(0.6841) 

.170 

RSQ.. 

0.5264 

(0.2706) 

0.4962 

(0.2660) 

0.4863 

(0.2628) 

0.5029 

(0.2617) 

.176 

.STDERR. 

11.3271 

(4.(i238) 

8.7645 

(4.3014) 

6.6858 

(4.0692) 

8.92.58 

(4.C622) 

.004 

D\V . 

1 .(i900 
(0.4803) 

1 .(>929 
(0.4734) 

1.6412 

(0.6224) 

1.6747 

(0.5197) 

.199 

Seasonal 
of prices 

29.4229 

(35.1045) 

22.6903 

(19.33) 

14.2013 
(12 3177) 

21.4421 

(24.71) 

.018t 

Seasonal 

ol stocks . . 

49.1009 

(33.,5402) 

.50.2590 

(30.5.552) 

60.1442 

(33.6604) 

52.8282 

(31.92.50) 

.090 


• riic iitliiihcrt Ml I'.llcMthfifi .irr (hr r%lini,itril <:l,(n(tMr(l deviations ill (lie population The tlatittic as 

folldWS _ 

- mi)!s/ + n. - 2)/(ni + nj}] 


lisi*. .1 /•({i<trilni(ion uh/ro ilip hhihhIo iiican niul tj* t}>p s.iniplp vnnaiii r l.et i * 1 tlenotp the 

sU live. I 2 llie inactive, and i — ‘5 thr liorni.int 1 he llieory piedicts die signs ol — mj anil M3 — 

'I'lif signifu ance l«*v<*l gives the prubiilnlitv o( ottserviitg the two indcpcntlcnt /•stcitistirs on the hypothesis that 
ihe tuir diUVreiiie’i .ire 7<*ro (Ci.tnier llHh, sec. ‘U 2 I). 

^ 'I here is a sliglit <oinplicatiou liei.imc wc Ia< k monthly price seiies fur two cnnnnoihtirs, tomato jiaste, 
whn h IS III tlie mat live group, and strawberries, which is in tlie tiormani ermip. Therefore, we cannot calculate 
VI’M2 anti (lie pru r seasonal lor these two comnuHlities Cloiisequeiuly .with rcspci t tn these two naratneiers, 
the sample si/r is IG for both the in.nctivc and the dormant group The significantr levels take this into 
at i oiint 


proiioiuRcd seasonal price pattern than do the Jess actively traded ones. 
The pattern is significant at the 98 percent level. It is also true that there 
is a more highly seasonal pattern of stocks for the actively traded goods 
than for the others but with a significance level of only 91 percent. (The 
stock seasonal is the trough stock level divided by the peak level, where the 
peak and trough refer to an appropriate 12-month period.) Nevertheless, 
consistent with our theory that the introduction of futures trading permits 
a sorting of transactions over time, we find more sca.sonality for the 
actively traded goods, which implies a greater benefit from organized 
futures trading in these goods. 
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VI. Effects of Price Variability on the Open Interest and the 
Volume of Trade 

The preceding material shows the presence of an inverse association 
between trading activity and price variability across the three subsatnples. 
According to the theory of the costs and benefits of futures trading given 
above, the relation between the volume of trade, open interest, and 
various measures of price variability df)es not necessarily imply that more 
price variability raises the volume of trade and open interest. Although 
greater price variability implies a greater benefit from organized futures 
trade, it also implies a greater cost. The greater cost is from two sources. 
First, the higher the price variability, the higher is the cost of holding 
a given open commitment. Second, the higher the price variability, the 
larger is the dispersion of the distribution of market clearing prices for a 
given volume of trade, which is a cost-increasing phenomenon. Therefore, 
estimates of how the volume of trade and open interest depend on various 
measures of price variability can give useful information about the nature 
of the costs and benefits. The purpose of this section is to furnish some 
empirical evidence in order to narrow the range of theoretical alternatives. 

We now use a sample of 25 commodities, which adds data for eight 
commodities in the inactive sample to the 17 actively traded commodities.* 
The eight additional observations include all commodities in the less 
active group for which there was some nonncgligible volume of trade and 
open interest during the sample period. Table 2 lists the commodities 
and the pertinent data. The velocity of the open interest, the average 
annual volume of trade divided by the average end-of-quarler open 
interest, ranges from a low of 14 for coffee to a high of 86 for pork bellies. 
These are large numbers by comparison with, say, the velocity of the 
money supply. Soybean future contracts have a daily average volume of 
trade of $110 millions, and for pork bellies this figure is $66 millions! 
Table 3 gives the simple correlations, means, and standard deviations of 
the variables in the regression analysis. Observe that the simple correla¬ 
tions between the log of open interest and price variability are all small, 
and the same is true of the corre.sponding correlations for the log of 
volume of trade. However, since the various measures of price variability 
are dimensionless pure numbers, while the volume of trade and open 
interest arc in dollars and depend on the size of the demand for the com¬ 
modities, the two sets of variables arc not comparable. Also, the theory 
implies the presence of a scale variable as a separate factor to explain the 
size of the open interest and volume of trading in the commodity. The 
level of stocks suggests itself as one way of measuring scale. This has the 

* The 25 commoditie.s in this sample arc as follows; J-I8, 20, 21, 25, 27, 28, 29, and 30 
(see table 2 for the names of these commodities). 



TABLE 2 


Data by Commodity 


No 

and Commodity 

Volume 

of 

Trade 
(10® %) 

Open 
Interest 
(10^ $) 

Stocks 
(10* $) 

Seasonal 

of 

Stocks 

VPAV 

(%) 

STDERR VPM2 

(%) (%) 

1. 

Colton . 

1.1 IG 

52.6 

1374 

32.559 

16.928 

11.82 

2.85 

2. 

Soybeans. 

27..310 

552.8 

14,33 

14,127 

10.661 

5.53 

4.42 

3. 

Wlioat .... 

9.173 

195.8 

1418 

48.441 

15.824 

8.10 

4.15 

4. 

Cocoa. 

2.09G 

124.0 

82 

20.987 

26.902 

7.58 

7.90 

r, 

Sugar 

2.G46 

110.5 

264 

42.614 

10.875 

6.57 

5.21 

G. 

Clofiper . . 

1.073 

31.1 

244 

100.0 

23.794 

7.72 

2.14 

1. 

.Silver . 

.5.933 

376.3 

4.30 

100.0 

27.701 

11.81 

3.88 

H. 

Coi ti . ... 

7..522 

216.8 

304,5 

30.354 

8.149 

3.67 

3.49 

9. 

Soynu'al. 

1.808 

94.1 

497 

14.127 

12.309 

9 ..58 

5.34 

KJ. 

Soy oil 

3.70.5 

9.5.5 

331 

14.127 

1.5.304 

13.22 

6.31 

11. 

Plywood . . 

0.835 

16.9 

503 

96.053 

8.614 

14.95 

6.96 

12. 

Brtiileis .... 

0..508 

10.0 

299 

75.868 

8.348 

19.75 

2.71 

13. 

C.ittle . 

4.904 

170.6 

.59.51 

79.178 

14.227 

6.68 

3.28 

14. 

EgB'. 

1 .(>49 

23.8 

1)82 

92.738 

12.967 

19.70 

8.24 

I.".. 

Trozen 

orange juice . . . 

0.71.5 

24.6 

181 

32.478 

25,687 

14.21 

4.79 

Hi. 

Pork bellies 

Hl.,573 

192.5 

620 

15.448 

21.582 

14.44 

7.54 

17. 

Potatoes .... 

0.G.59 

19.3 

416 

25.619 

U).7(>(') 

15.24 

14.90 

18. 

W'ciol ... 

0.231 

22.1 

205 

41.190 

17.823 

16.82 

3.38 

I'l. 

Cottonseed meal 

0.002 

0 1 

149 

7.470 

11.884 

10.85 

5,02 

20, 

Rye . 

(I.GlO 

14.2 

25 

40.079 

6.681 

3.97 

3.37 

21 . 

Cofi;-.- , . . . 

(1 24(. 

17.8 

173 

87.7.3.5 

15.107 

13.05 

3.63 

22 . 

Propane. 

0.018 

3.2 

318 

48.859 

7.390 

4.04 

1.23 

23. 

'J'ln . 

0.003 

0.4 

72 

88,279 

20,070 

7,19 

4,05 

24. 

/.me , . . . 

0.011 

1.5 

45 

94.934 

11.201 

5.17 

1.74 

2.'’i. 

Oat, . . . 

0.437 

17.2 

339 

34.598 

4.672 

4.49 

3.06 

2(i. 

Milo . . 

0.023 

2.4 

445 

41.020 

8.184 

7.22 

3.56 

27 

Cottonseed oil. . 

0.47,3 

16.0 

170 

32.426 

16.078 

8.29 

5.9,5 

28. 

l.umbct . 

0.390 

10.1 

625 

96.053 

15,303 

8.47 

4.07 

2‘l 

9’urkeys . . . 

0.1G2 

4.(3 

384 

27.326 

9.160 

5.08 

3.98 

30. 

ilogs .... 

0.374 

8.2 

1947 

83.226 

17.770 

10..50 

5.94 

31 

BulliT. 

0.0,3(. 

0.0 

114 

48.426 

6.908 

3.10 

1.88 

32. 

Totnalo paste 

0 0 

0.0 

102 

12.114 

17.149 

10.27 

4.77 

33. 

Latcl . . 

0.051 

71.7 

10 

65.426 

I6..32I 

16.76 

6.41 

34. 

Onions , . . 

0 0 

0.0 

14 

3.242 

13.008 

12 91 

19.10 

3.3. 

ToImcco ■ 

0.0 

00 

2733 

63 026 

9.345 

3.36 

0.83 

3t). 

Peanuts , , , 

0.0 

0.0 

282 

15 705 

9.088 

4.82 

2.79 

37 . 

Rice ... 

0 0 

0.0 

389 

12.629 

4.446 

4.90 

1.74 

38, 

Tra . 

(7.0 

0.0 

34 

60 000 

7.349 

4..33 

1.59 

30 , 

t'.oal, ... 

0.0 

0 0 

394 

86,170 

25.416 

13.42 

1.77 

40 

Aluminum . . . 

0.0 

O.I 

728 

UK) 00 

7.620 

3.39 

1.23 

41. 

Nuk<4 

0.0 

0.0 

129 

100.00 

22.544 

8.27 

2.54 

42. 

Barley. 

0.0 

0.0 

412 

34.088 

8.243 

6.53 

3.28 

43, 

Pelvoieum 
crude oil 

0.0 

0.0 

779 

93.637 

4.901 

1.25 

0.66 

44, 

Peanut oil . , . 

0.0 

0.0 

14 

1.5.705 

12.173 

13.5.5 

4..36 

45. 

Newsprint . . 

0.0 

0.0 

88 

100.00 

3.439 

1.35 

0.56 

40. 

Lamb. 

0.0 

0.0 

249 

7.5.00 

13.363 

8.32 

3.86 

47. 

Veal. 

0.0 

0.0 

278 

79.178 

12.371 

6.39 

5.34 

48. 

Cheese. 

0.0 

0.0 

1.38 

74.445 

19.8.32 

4.27 

1.93 

49. 

.Strawberries . . . 

0.0 

0.0 

19 

41.806 

11.850 

10.10 

2.93 

.■iO. 

Hams . 

0.0 

0.0 

1057 

67.833 

8.701 

5.22 

4.08 

.31. 

Apples. 

0.0 

0.0 

197 

1.230 

13.304 

14.13 

10.35 


Note.— A drtailcd description of ihc sources and of the inethoth for estimating these hgurci is available to 
readers on request. 
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TABLE 3 

Simple Correlations between Log Volume, Log Open, and Selected Measures 
OF Price Variability, Means, and Standard Deviations for 25 Commodities 


Simple Correlations 
Log Log 

Variables Open Volume VPM2 STDERR VPAV Mean SD 


Log open. 1 .93267 -.02780 -.21903 .25128 3.75921 1.29777 

Log volume. I .05703 -.17166 .13909 0.31176 1.36342 

VPM2. 1 .35044 .24315 5.09960 2.60072 

STDERR. ... 1 .24.568 10.56160 4.51223 

VPAV. ... ... 1 1.5.29728 6.22404 


disadvantage of introducing serious measurement errors for some com¬ 
modities. As an alternative, one can use the volume of trade as a scale 
variable to explain the open interest and the open interest as a scale 
variable to explain the volume of trade. In effect this treats the system 
of equations (15) as candidates for direct estimation by least squares. 
Substitute ji for in (15) and write out the result as follows: 

+ J.AdXIdp) = (38) 

Jx.idxidp) + JxxidXMP) = -J,^. (39) 

Take dx/dp as the dependent variable in the first and dXjdp as the 
dependent variable in the second to give the following representation: 

dx = -UxM dX - U.fILx) dp, (40) 

dX = — (JxxlJxx) dx — (JxeUxx) dP- (41) 

Take a linear approximation to these equations and use the three measures 
of price variability for p. We estimate by least squares the following 
equations: 

log X = Cq + a^ log X d- a2(VPM2) -f a3(STDERR) 

-f a4(VPAV) -f- e, (42) 

log A" = Cg -(- Cj log X -h -h C3(STDERR) 

-1- ^^(VPAV) -1- C. (43) 

There is the complication that x and X are endogenous variables. It 
seems plausible that the random disturbances are more likely to shift 
the benefit functions than the cost functions, because changes in weather 
affect production of agricultural goods and cyclical factors affect the 
demand for all goods, which shifts the hedging demand and, therefore. 
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TABLE 4 

Sf,lected Statistics from Regressions Relating Futures Trading Activity to 
Price Variability for a Sample of 25 Commodity Futures 


Dependent Variablfs 


Explanatory 

VARlARLtS 

Log Open 

Interest 

Log Volume of Trade 

Elasticity 

/-Ratio of 
Coefficient 

Elasticity 

/-Ratio of 
Coefficient 

Lor volume .... 

0.8.591 

12 412 



Log open. 



1.0302 

12.412 

VPM2. 

-0.2406 

- i .240 

0.2793 

1.321 

.STUERR. 

-0.2182 

-0.920 

0.1329 

0.504 

VPAV. . . 

0.1769 

2.23,5 

-0.4790 

- 1.773 

li‘ . . . 

.9020 


.8953 



the benefit function. Therefore, c will be positively correlated with log AT 
and ( will be positively correlated with log a. Hcncc least-squares estimates 
of the cocfficient.s, <2, and e,, are both upward biased. We deal directly 
witli one aspect of this problem below by studying how commissions and 
margins depend on the pertinent variables as given in (24). 

Table 4 gives the estimates of the elasticities derived from (42) and 
(43) together with the t-ratios of the coellicients. The coefficient of 
log A’ in (42) rorresponrls to — {JxxIJajc) ’f* (‘^0) while the coefficient of 
log X in (43) corresponds to — {JxxlJxx) 'f* (41)' "fltc other coefficients 
in (42) and (43) relate similarly to their counterparts in (40) and (41). 
(ionsider the regression with the log of the open interest as tiic dependent 
variable. Of the three measures of jiricc variability, the only one that 
enters with a large /-ratio is VPAV, the coefficient of variation of annual 
prices. It has a /-ratio of 2.2 and an elasticity of 0.18. The other two 
measures ol’pricc variability enter with /-ratios around 1 and have negative 
claslieities. .Mso observe that in the regre.ssion equation with log x as 
the dependent variable each coefficient of price variability enters with a 
sign opposite to that which it has in the regrcs.sion with log A’ as the 
dependent variable. One is iniinedialely tempted to conclude from these 
results that a rise in some aspect of price variability tends to move the 
open interest and the volume of trade in opposite directions. This may be 
true, but the high correlation between log x and log X is consistent with 
an alternative and a simpler explanation of thc.se results. The simple 
correlation between log X and log x is 0.933 according to table 3. Also, 
the multiple in the log open regression in table 4 is .902 {R = .95). 
One may then say that these regressions are nearly identities and it would 
follow by simple arithmetic that the coefficients of price variability in 
one equation are nearly perfectly predictable by the coefficients in the 
other. For instance, solve for log x in the regression equation with log X 
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TABLE 5 

Selected Statistics from Reoressions to Explain Loo of Open Interest and Log 
OF Volume of Trade for 25 Commodity Futures 


riEPENDENT VARIABLES 

Log Open Interest Log Volume 


Explanatory /-Ratio of (-Ratio of 

Variables Elasticity Coefficient Elasticity Coefficient 


Log stock. 0.4451 2.13 0.5.594 2.47 

VPM2 . 0.0167 0.03 0.3010 0. .55 

STDERR. -0.9155 -1.49 -0.8122 -1.24 

VPAV . 1.2109 1.93 0.8031 1.20 

. .3048 ... .2893 


as the dependent variable and you will come close to the estimated 
regression with log x as the dependent variable. 

For these reasons it is of some interest to try an alternative to these 
equations which uses the log of stocks as a scale variable. These results 
appear in table 5. Here we see that each measure of price variability has a 
coefficient of the same sign in the regressions with log X and log x as 
the dependent variables. This is hardly surprising given the high positive 
correlation between log X and Jog x. Nevertheless it is worth noting that 
an increase'in stocks of I percent will lead to a larger percentage increase 
in the volume of trade than in the open interest.® 

We now study how the commission per transaction and the margin 
per contract depends on the pertinent variables according to the theory 


^ It has not escaped our attention that one may use the regression equations in table 5 
to predict the log of the open interest and the log of the volume of trade for the 26 
(= 51 — 25) commodities which now lack an active organized futures market. In our 
earlier work we did precisely this. We have doubts about the reliability of these results 
for several reasons. The most important caveat is with respect to the measure of stocks 
to represent the scale of potential interest in the commodity. Empirically, it turns out to 
be a very important variable for explaining lack of interest in a commodity. That is, 
commodities with a small potential market arc bad candidates for an organized futures 
market. In some cases there are large government holdings of the commodity (c.g., 
peanuts and tobacco), and it is difficult to determine how to mea.sure the relevant stocks. 
(For empirical work on this problem, sec Telser 1958.) There may also be a price- 
stabilizing effect of organized futures trading so that the relevant measure of price 
variability between traded and untraded goods is larger than would appear from the 
observed differences in price variability. (For a theoretical analysis of the stabilizing 
effects on prices of profitable speculation, sec Telser [1959].) A third important factor, 
the tax incentive for trading in futures contracts in the United States, does not appear in 
our theoretical or empirical analysis. Such trading may allow a shift of capital gains and 
losses from various speculations between years and thereby lowers the income tax of the 
speculator, who can take advantage of the lower tax rate on capital gains. The trade 
believes this is important. (For a careful analysis of portfolio aspects of futures trading, 
sec Dusak [1973].) 
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in Section IV.’ We assume that the cost and benefit functions are of the 
same form for all commodities and that differences among commodities 
express themselves via different values of the exogenous variables, a, P, 
and N. In equilibrium the commission, t, and the margin, m, satisfy (24). 
The argument in Section IV shows that the cost functions are identified 
in a regression that excludes the scale variable N and includes the other 
exogenous variables related to a and (i. Wc have two regressions that we 
estimate by ordinary least squares. In the first the commission is the 
dependent variable and in the second the margin is the dependent 
variable. In addition to the proxies for a and /?, wc include among the 
explanatory variables, log x, log X, and the average price per futures 
contract over the sample period, a variable we label C.'ONPR (contract 
price). The relevance of tlONPR as a determinant of m hardly needs 
discussion. Plainly, the potential cost to a broker of a customer default 
is an increasing function of the size of the customer’s commitment or open 
interest. Hence m should be an increasing function of HONPR. It is not 
equally plain why (iONPR should affect the commi.ssion. Empirically, 
one can hardly doubt that t is an increasing function of ClONPR. I'his 
result is consistent with the belief that it is more costly to arrange a 
mutually satisfactory trade for a contract of larger value, stich as coffee, 
than for one of lesser value, such as potatoes, even holding the volume of 
trade constant. 1 hat is, a broker’s execution according to his instructions 
is more costly for a contract of a larger value. It may not be superfluous 
to add that this argument would be consistent with the theory of optimal 
search. 

If a good mciistirc of .scale were available, this would enable the 
application of simultaneous-equations techniques in an attempt to 
e.sliruate the .structural relations of the model. The only candidate is an 
estimate of stocks by commotlity, and this is subject to considerable 
measurement error. 'rherel<>re, we focus our attention on the cost side 
which is identifiable and wc accept a possible simultaneous equations bias 
in so far as log .v and log ,Vare both po.silivcly correlated with the variable 
we omit, the scale factor. This gives an upward bias to the coefficients of 
boll) log X and log .V if t is positively related to N and m is positively 
lelated to ,V, where N denotes the scale factor. 

^ We use a sample ol'^U e(»ni?iio<lilies. 'I'tie two inissuig commodities arc cottonseed oil 
and uirkcys. Hoih ha\'<* been inaclivc siiicr 19()5i, WV lack data giving the corninissions 
and margins lor thcNc (wo, and ihis rxplains thrir absence from our sample. The com¬ 
mission per tiansaclion and the margin per contract were obtained from brokerage firms 
and refer to the first half of 1970. The sample period gives averages of the explanatory 
variables for an earlier period. This should cau.se no problem. One may argue that the 
cominis.sions and margins do in fact depend on long-term averages. In any case, since 
these- variables appear as the dependent variables in the regression equations, the presence 
of measurement <Tror does not bias the estimates of the regression coefficients. However, 
it docs lower the and increase the standard errors of the estimated regression 
coefficients. 
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TABLE 6 

Selected Statistics from Reoressions to Explain Commissions and Margins for a 
Sample of 23 Commodity Futures 


Dependent Variables 
Commission Margin 


Explanatory /-Ratio of /-Ratio of 

Variables Elasticity Coefficient Elasticity Coefficient 


Log volume . -0.218 -2.72 -0.419 -2.80 

Log open interest. 0.14I 1.58 0.449 2.69 

CONPR. 0.536 4.62 0.729 3,36 

STDERR. -0.189 - 1.75 -0.425 -2.10 

VPAV. 0.076 0.72 - 0.265 -1.33 

VPM2 . 0.130 1.48 0.415 2.53 

Constant. -0.1997 -0.01 -1,227.00 -1.59 

. .688 ... .662 

SE. 8.67ft ... 397.1 


Wc claim that the regressions given in table 6 using the data in table 7 
furnish estimates of the slopes of the commission and margin with respect 
to the various variables for the cost equation. Thus, the slope of I with 
respect to x in table 6 gives an estimate of on the cost side, which is the 
right-hand side of (2.5), and so on. Similarly, the slope of m with respect 
to X gives an estimate of h),^ + ^‘xaSx according to the right-hand side of 
(32), and soon. With the theoretical interpretations in hand as given by 
(25)-(29) and (32)-(35), consider the evidence in table 6. 

Both the commissitm and the margin regressions display a similar 
pattern of results.® With only one exception all of the explanatory variables 
have coefficients of the same sign in both regression equations. The higher 
is the volume of trade the lower is the commission and the margin. The 
higher is the open interest, the higher is the commission and the margin. 
The higher is the average price per contract, the higher is the com¬ 
mission and margin. Although the t-ratios indicate a high level of sig¬ 
nificance by the usual standards, one should regard this with some 
skepticism because, for one thing, simultaneous-equations bias is present 
due to the omission of a scale variable that may be positively correlated 
with log X and log X. The coefficients of log x and log X both give 
strong support to the belief that < 0 (cf [25] and [32]). The negative 
coefficient of log x in the margin regression is also consistent with the 
view that a rise in the volume of trade for a given open interest lowers the 
marginal cost with respect to the open interest {hxx < 0). 

Now consider the regression coefficients of the various measures of 
price variability in table 6. In the commission regressions these coefficients 

® The simple correlation between m and / is 0.643. This seems loo low to explain the 
similarity in the pattern of results. 
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TABLE 7 

Average Contract Price (CONPR), Commission (COMM), and Margin (MARG) 
FOR 23 Commodity Futures Contracts in Dollars per Contract 


Commodity 

CONPR 

COMM 

MARG 

Cot Ion. 

14,368 

70 

1,300 

Soybeans . 

13,71.5 

50 

2,500 

W’hoat. 

8,858 

45 

1,2.50 

Cocoa. . 

8,511 

70 

2,400 

Sugar . 

8,034 

7.5 

2,000 

Copper . 

!1,!)4<J 

.50 

7,50 

Silver. 

7,926 

rjo 

1,200 

Corn. 

6,100 

40 

1,000 

Soy meal. 

7,527 

40 

1,.500 

Sf»y oil . 

(>,005 

40 

1,000 

PJyvp/jocl. 

5,947 

40 

700 

Broilers.... . 

6,2.50 

35 

500 

Caillc. 

10,925 

50 

900 

f-KBs . 

8,071 

40 

700 

Frozen orange juice cone. 

6,712 

45 

450 

Polk bellies . 

14,425 

60 

1 „500 

Potatoes . 

1.892 

35 

750 

V\'ool. 

(),947 

5,941 

50 

1,500 
1,500 

Ky. 

40 

C’.oflee. .... 

I2,76t 

80 

2,000 

Oats . 

3,357 

35 

750 

lAiinber . 

4,198 

55 

700 

Hors. 

4,007 

40 

900 


refer to I, or in (27) and (2)3). Ifis negative because 
is negative, then the coelTicient of the measure of price variability can 
also he negative. .\'or is fhi.s all. (liven the hypothesis about the signs of 
the various partials in (27) and (2)3), a negative value of is necessary 
l)ul is not sullielent for an observed negative value of the coefficient of a 
price variability parameter; STDKRR does have a negative coefficient in 
tlie commi.ssion rrgre.s.sion. Both VPAV and VPM2 have positive coef- 
lieients in the commission regression. 

Ne.xt consider the margin regression. Equations (34) and (35) predict 
positive coefiicients of the variables that arc positively related to price 
varialiiliiy if li,vn positive and if A'is not an argument in gf-). According 
to table 6, VPM2 does have a positive coefficient with an elasticity of 
0.41.5 and a i-ratio of 2.5. Recall that VPM2 measures the cocfficicrit of 
variation around the monthly price seasonal so that it reflects shorter 
term sources of price variability than cither VPAV or STDERR. Both 
S'l'DERR and VPAV have negative coefficients. 'Ihe elasticities are 
— 0.425 and —0.265, and the /-ratios are —2.1 and —1.3. These results 
are not consistent with the present model. There are two possible ex¬ 
planations of this discrepancy of which the first is econometric and the 
second is economic. The regression equation omits the scale variable, N. 
According to the theory N is positively related to x and X and is also 
positively related to m (and to /) as is shown in (36) (and [29]). This 
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imparts a positive bias to the estimates of the coefficients of log x and 
log X. It is also possible that N is correlated with the exogenous variables 
a and p. If N is negatively related to a and P, then this would impart a 
downward bias to the estimates of the coefficients of price variability. 
We do have a weak proxy for the scale variable given by the log of stocks, 
a variable which we regard with suspicion because of measurement error 
for some commodities. Nevertheless, we do find negative, albeit small, 
correlations between the three measures of price variability and the log 
of stocks. The simple correlations, denoted by K{-), are as follows; 

/f(log stock, VPAV) = -.149, A>(log stock, STDKRR) = -.064, 
A(log stock, VPM2) = - .045. 

Observe that it is the variable with the correlation closest to zero that has 
a positive clfect on the margin. 

This econometric argument agrees with an economic argument. The 
size of the elasticity of the excess demand function increa.scs with the 
stock of outstanding commitments. According to (4), this tends to lower 
(t. We believe that a closer investigation of the function ct = g{x, a, P) 
is desirable since these arguments suggest that the variable X should 
enter this function. Such research would directly study the determinants 
of liquidity in the market. 


VII. Summary and Conclusions 

In an organized market the participants trade a standardized contract 
such that each unit of the contract is a perfect substitute for any other 
unit. I’he identities of the parties in any mutually agreeable transaction 
do not affect the terms of e.xchangc. The organized market itself or some 
other institution deliberately creates a homogeneous good that can be 
traded anonymously by the participants or their agents. 

Although the discussion centers on organized futures markets, the Ixasic 
theory applies equally well to any organized market. The benefit of an 
organized market is an increasing function of the number of potential 
participants. It is also an increasing function of the turnover of the 
potential participants in that market. It would not be nece.s.sary for a 
small group of traders who know caeh other well and who have had and 
will continue to have contacts with each other to bear the expense of 
organizing a formal market. In such markets the terms of sale often do 
depend on the identity of the parties in addition to the characteristics of 
the goods. An organized market deals in a highly fungible good that is 
readily traded among strangers. In an organized market the transactions 
prices alone convey a considerable amount of useful information to those 
who are not currently trading in the market. In those markets where 
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heterogeneous goods are traded and where the identity of the buyer and 
seller affects the terms of trade, the transaction price alone conveys only 
partial information to outsiders. 

In addition to scale, price variability affects the benefit of having an 
organized market. It also affects the cost. There is more price variability 
for those goods that have an organized futures market than for the goods 
that lack such markets. It docs not follow that futures trading causes 
greater price variability. The organization of a futures market is the 
respon.se to an increase of price variability. For example, when the govern¬ 
ment allows the price of a good to lluctuate and abandons its attempt to 
control the price, this may create an incentive to organize a futures 
market if the potential scale of operation is large enough, as witness the 
creation of organized futures markets in some foreign exchange. 

We find that the volume of trade increases relative to the open interest, 
the higher is the level of the open interest. As the open interest in a 
commodity declines, the volume of trade declines even more rapidly. 
According to the empirical results relating commissions to log x and 
log A', commi.ssions arc higher, the lc.ss active the trade in the commodity. 
Let price variability be the driving force as reprc.sented by the parameter 
ji. Let the [trice ttf some good become more stable. The open interest 
declines and the volume of trade falls relative to the open interest. This 
ritises the commission and the margin. \ sequence of events now begins 
that may well end in a ettrner equilibrium with no trade and no open 
interest in the commodity. In this way the theory predicts the disap¬ 
pearance of an organized market. Similarly, a rise in price variability 
may lead to the appearance of an organized market. 

The best concise summary of the theory is as follows: An organized 
market facilitates trade among strangers. 


Appendix 

Description of Cross-Section Data and Sources 

I. Trading activity and market stmcttire variables 

Seasonal of slocks. Average ratio of trough-month stocks to peak-month stocks, 
expre.sscd as a percentage. 

Open. Average number of open contracts, cnd-of-qiiarter, 1959-71 or sub¬ 
period of active futures trading. Journal of Commerce and Commercial. 

Opnint. Open X average dollar value of one contract, 1959-71 or subperiod 
of active futures trading, in millions of nominal dollars. 

Stocks. Value of average privately held slocks in millions of nominal dollars, 
1959- 71 or subperiod of active futures trading. Computations are described in 
appendix II, Average U.S. Stocks. Conceptually, stocks are computed as pipeline 
stocks plus average intraseasonal inventories. They give the peak holdings during 
the year. 

Volume. Average annual volume of futures transactions on all U.S. contract 
markets, 1959-71 or subperiod of active futures trading, x average dollar 
value of one contract, expressed in billions of nominal dollars. Association of 
Commodity Exchange Firms, Inc. 
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II. Variables derived from monthly price series Pi,. 

VPAV. Coefficient of variation across years of 1959-71. When 

weighted average yearly prices are available (i.e., weighted by quantities sold), 
such data are used. 

VPM2. Let PJtn equal deflated by a 12-month moving average, centered at 
the sixth month. Por each month m, let equal 100 x standard deviation of 
VPM2 equals the mean of a„ across months. 

Seasonal of prices. Maximum own rate of interest, at annual rate, displayed by 
averages across years of (one for each month), 1959-71. Example: if P‘dec 
and P’sEP represent average December and September prices, and if /* dec > 
■P-NOV > -^-OCT > P*SEP> then season equals 400 log (P-dec/^'sep)» if-^ DEC and 
P‘SEP ^re the maximizing pair. Months are indicated in table 1. 


III. Variables from regressions of price on stocks and income 
For each commodity, regress via ordinary least squares; 

( PSK\ /GNI\ 

= ^0 + a, log (Q.SK), + a 2 log + “o 1939-71, 

where 


QSK = peak-month slocks 
PSK = U.S. nominal spot (monthly) price 
GNI = U.S. gross national income. Slatt\Ucal Abstract 
WPI = U.S. wholesale price index. Statistical Abstract 
CPI = U.S. consumer price index. Statistical Abstract. 

DW. Durbin-Watson coefficient. 

EPQ. rf,. 

RPY. <fj. 

ERR. Standard error of regression x 100 (i.e., expressed as a percentage 
coefficient of variation). 

QRSK. |tf, I X coefficient of variation across years of QSK. 

RSQ_. Coefficient of determination (f?^). 

STDERR.® ERR x [DW(1 - 0.25DW)]*'^. 


’ The indicated adjustment is given as follows: 

Let 

w, = V, 4- =s 0, t 7^ T, FlyJ = a*. 

Then 

var «, = E{vf + 2po,u,^, + pW-i) — p'‘{Eu,_,y, 


var u, = <7^/(1 — p^). 

Since 

DW = 2 (“.+1 - “f. 

£(DW) = 2[1 - £(2 /y «?)]. 

Hence 

£(DW) = 2(1 - p). 


(Al) 


(A2) 


Substitution of (A2) into (Al) implies the indicated formula. 
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Public Property and the Effects of 
Migration upon Other Residents of the 
Migrants' Countries of Origin and 
Destination 


Dan Usher 

Queen's Umvers\ty\ Kinf<\ton^ Ontnno 


When a man migrates from one country to another, he abandons his 
share of public property—the use of roads and schools, the rights to a 
share of revenue from minerals in the public domain, and so on—in the 
former country and acquires a share of public property in the latter, 
conferring a benefit upon the remaining residents of the country from 
which he comes and imposing a cost uijon the original residents of the 
country to which he goes. This proposition is developed with the aid of 
an ordinary marginal product of labor curve, the “public property” 
effect is contrasted with other sources of costs and benefits of migration, 
and an attempt is made to supply a rough and ready estimate of the 
magnitudes involved. 


Who gains and who loses when a man migrates from one country to 
another? Economists have tended to analyze this question in terms of a 
standard case with a list of exceptions. The standard case is that of the 
migrant who was paid the value of his marginal product in his country of 
origin and who will be paid the value of his marginal product in his 
country of destination, so that, while he himself may gain because his 
marginal product is greater in the latter country, his migration has no 
effect whatsoever on the rest of the population in either country.* The 
exceptions are circumstances when this conclusion need be modified 

In preparing this paper, I have drawn upon advice and suggestions of my colleague 
OU Hawrylyshyn, John Martin and John Flemming of Nuffield College, aiul Carlos 
Diaz-Alejandro of Yale. 1 am grateful to Brain Cadsby, a graduate student at Quccn*s, 
for spotting and correcting an error in an earlier draft. 

* This argument is set out in Grubel and Scott (1966). Specifically the argument is that 
the flow of scientists and other skilled people from Canada to the United States cannot 
be harmful to Canada if these people would have received their marginal products had 
they remained in Canada. A similar view is expressed in papers of Harry Johnson (1965, 
1967). Johnson has considered several of the “exceptions” discussed below including the 
argument about public support of education. 
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because migration affects factor prices or because the migrant’s earnings 
differ from the value of his marginal product. 

The purpose of this essay is to add an item to the list of exceptions. 
Briefly, the point I wish to make is this: An assessment of the costs and 
benefits of migration need take account of the fact that a large portion of 
a country’s property is publicly owned, so that a migrant on going from 
one country to another must as a rule abandon his share of publicly owned 
property in his country of origin and acquire a share of publicly owned 
property in his country of destination. The migrant exchanges his right 
to send his children to school in his country of origin for the right to send 
his children to school in his country of destination, reducing the need for 
new school building in the former country and Increasing it accordingly 
in the latter. Tlie migrant on entering a country and on becoming a 
citizen exchanges rights to the ownership of public buildings of all kinds, 
of roads, parks, all land in the public domain, royalties on minerals, 
proceeds from tlie corporation income tax, and so on with a corresponding 
deduction for his share of public debt. The effect of this sharing of public 
property looked upon in isolation from other exceptions to be discussed 
below i,s that migration confers a benefit upon the residents of his country 
of origin and a cost upon the residents of his country of destination, 
'rhoiigh analytically simple, even trivial, our proposition is nonetheless 
import.ant because it seems to stand in direct opposition to the widely held 
and strongly held view of wliich the following quotation is representative: 
Mamada (1977, p. 20) speaks of a "basic reason why moral concerns are 
raised in the case of brain drain: in contrast to the case of foreign invest¬ 
ment w'here the gain from the international factor movement is divided 
by the two countries, tlie l)Ci (developed country) gains now at the cost 
of those left behind in the LIXl (less developed country). The emigrants 
similarly are seen to gain at the sacrifice of those left behind in the LDC.” 
This view of the elfects of migration could stantl as the foundation for the 
belief that people in developed countries “ought” to compensate people 
in h-ss rlcveloped countries for the ill <-ffects of the brain drain. ^ Toward 
the end of this essay, we consider how the usual justification for this state¬ 
ment stands up when allowance is made for the existence of publicly owned 
projicrty, ami we conclude that, though the statement may still be true 
on occasion, it could easily be reversed and would be reversed unless 
migrants are very much richer or more .skilled than the average resident 

^ Srr also Bha(rwau ft at. (1975), Bhagwati and Partington (1976), and Bhagwati 
(1976), The case lor taxing the migrants themselves does not require cither that immigra¬ 
tion of educated people is harmful to the remaining residents of the migrants’ countries 
of origin or that migration is beneficial to the original residents of their countries of 
destination. It is sufficient that the migrant himself benefits and this benefit is a potential 
source of taxation. 
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in their country of destination. We begin this essay with a statement of 
the standard case and some well-known exceptions. Then we consider 
the effects of publicly owned property in theory and in a numerical ex¬ 
ample. We conclude with a discussion of some qualifications to the main 
argument. 


The Standard Case and Some Exceptions 

In the “standard case,” a migrant has no effect cither upon the welfare 
of the people who remain behind in the country from which he comes or 
upon the welfare of the original residents of the country to which he goes 
because he would earn the value of his marginal product in each case. 
The standard case may be conveniently illustrated in a one-sector model 
where a uniform output is produced with two factors of production. Wc 
shall concentrate upon the costs and benefits of migration to residents of 
the country where the migrant goes, but the analysis of costs and benefits 
to his country of origin can be carried out on similar lines. 

Consider an economy in which output Q is produced with factors of 
production, labor and capital, L and K, in accordance with a linear 
homogeneous production function Q = /(A', L). We arc supposing that 
perfect competition prevails throughout the economy so that the real 
wage equals the marginal product of labor, w = 5QI5L, and the real 
rent on capital equals the marginal product of capital, r = 6QISK. The 
term “real” in the preceding sentence signifies that w and r are measured 
in units of Q. From the assumption about the form of the production 
function, it follows that 

Q = wL -1- rK. (1) 

A migrant may be thought of as bringing with him a bundle of labor 
and capital, AA and AA. His presence causes the wage rate to change 
from to [c Ate, the rent on capital to change from r to r -t- Ar, and 
total output to increase from Q to Q + AQ. Consequently 

Q + 

— (w -I- Aw){L -f- AA) -I- (r -)- Ar){K -f- AA') 

= {wL + tK) -(- (A Am -I- A' Ar) -f f(m -H Ate) AA + {r + Ar) AA]. 

( 2 ) 

The three expressions on the right-hand side of the equation are the 
remuneration of the original residents prior to the migration, the change 
in their remuneration after the migration, and the remuneration of the 
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migrant himself. By expanding Q + AQ in a Taylor series and ignoring 
third and higher terms in the series, we see that’ 

L Aw + K Ar = —^{AL Aw 4- AK Ar) > 0. (3) 

This expression is necessarily nonnegative because of the assumed con¬ 
vexity of the isoquants; sec Ferguson (1969, p. 56). 

What we are calling the standard case is where AL and Ar are small by 
comparison with L and r. In that case, the second expression in equation 
(2) is virtually zero because each term on the right-hand side of equa¬ 
tion (3) is the product of increments. It follows that 

AQ = (iv + Aw) AL -t- (r Ar) AK (4) 

and 

Q = {w + Aw)L + (r 4- Ar)K. (5) 

Equation (4) may be interpreted as the proposition that migrants earn 
the values of the marginal products of their factors, while equation (5) 
may be interpreted as the proposition that original residents as a whole 
arc neither better oil' nor worse oil than they were before. 

riiese propositions arc illustrated in the marginal product of labor 
curve in figure 1 for the special case where the migrant has labor but no 
capital, where AK = 0 and AL > 0. The value of the national income 
prior to migration is 4 AV — the area under the curve to the left of 
L. 'file income of the migrant, the second term in equation (2), is the 
box BDKC. I'he increase in the income of the original residents resulting 
from migration is the little triangle ABC which becomes infinitely small 
as a proportion of BDEC when ALjL approaehes zero. Ignoring the 
triangle ABC, we .see that immigration of AL increa.ses the national in¬ 
come by |irecisely the remuneration of the migrants. It is this proposition 
that we take as a starting point for examining the “exceptions” that 
might cause migration to aficet the welfare of the original residents 
favorably and unfavorably as the case may be. 

I'here would seem to be three main classes of exceptions which might 
be called the terms of trade argument, the distributional argument, and 
the factor market argument. These broad exceptions can in turn be sub- 
classified. We shall consider the exceptions briefly one by one. 

^ Expanding f {L + AL, K + AK) and setting J, — w and = r, we see that 
Q + AQ =/ {L Jr AL, K + AK) 

— 1 (^, A) 4 /i, AL 4 /i£ AK 4 4 Jkk AK^ 4 2/i,it AL AK) 

— wL 4 rK 4 w AL 4 r AK 4 J AL 4 —^ A/C*! AL 

V dL / 

* (S: ^ 

= w{L + AL) + t{K + AA') + AL + ^Ar AA 

= Q + AQ — (L + iAL) Auj — (A' 4- JAA) Ar. 
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The Terms of Trade Argument 

The general case .—The original residents as a group will benefit from 
migration which is on a large enough scale and where migrants are 
sufficiently dilTerent from the original residents in their endowments of 
labor and capital to affect the wage-rental ratio significantly. To see this 
point, suppose once again that migrants have no capital, — 0, but 
now let AL be a finite proportion of L so that the wage rate falls by a 
measurable amount. Aid. From equation (3), it follows at once that the 
gain to old residents as a group is 

T Aie -t- fC Ar = -i A/- A«' > 0. (6) 

The gain to the original residents is illustrated in figure I by the area of 
the triangle ABC, to which ^ AT Aw in equation (6) is a close approxima¬ 
tion. As the labor force increases from Lxo L + AT, the national income 
increases by the area ADEC under the marginal product of labor curve. 
Of that increase, only BCED is paid to the migrants themselves, leaving 
the triangle ABC for the original residents. The remuneration of the 
labor of the original residents is reduced by L Air but that is not a social 
loss because it is made up by an equal and opposite change in the re¬ 
muneration to capital. The net benefit to the old residents arises entirely 
from the reduction in the remuneration of the “earlier” migrants resulting 
from the appearance of the “later” ones. This source of gain from migra¬ 
tion is a variant of the normal gain from trade. A group of people owning 
factors Li and K^ are made better off if they are permitted to trade with 
a second group of people owning factors and Kj, as long ns L^jK^ ^ 
Z, 2 /-^ 2 - This follows immediately from equation (3) by setting L, = L, 
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/.2 = AZ,, and so on. The argument summarized in this paragraph is 
well developed in Berry and Soligo (1969); it is also contained in Boris 
and Stein (1964, p. 192). 

Migrant-specific factors of production .—Though the general case above has 
received a good deal of attention, there is some question about its quanti¬ 
tative importance. Does migration really make a country better off be¬ 
cause the capital-labor ratio of migrants is different from the capital-labor 
ratio of original residents? One cannot help suspecting that the little 
triangle ABC in hgure 1 will, like many of the little triangles in economics, 
prove to be uninterestingly small. 

On the other hand, the analysis looks quite different if we suppose the 
migrant to be the bearer of a unique factor of production and if we 
designate the original residents to be the income recipients from all other 
factors of production. The Chinese restaurant is a case in point. Suppose 
we redesignate L in figure 1 to be the supply of people capable of running 
Chinese restaurants and we lump all other factors of production under 
the heading of AT. In that case, the immigration of AC causes a reduction 
Aw in the incomes of proprietors of Chinese restaurants and a correspond¬ 
ing gain of L Aw to the recipients of the marginal products of all other 
factors of production,* 

Another argument which can be placed in the same mold is that 
foreign labor is complementary and therefore beneficial to local labor 
because foreign workers do unpleasant or poorly paid jobs that the locals 
are not prepared to do. I find this argument difficult to accept for two 
reasons. The first is that the premise is not strictly true. Some of the 
original residents will continue to perform the unpleasant and poorly 
paid tasks in society; and tho.se people, who would normally be among the 
poorest in the community, are the ones whose wages are held down by 
competition from migrants. Second, the complementarities between 
migrants and original residents will disappear in time. The first gen¬ 
eration of migrants may be a special kind of labor but their children 
represent an ordinary addition to the labor force. The complemen¬ 
tarity can only be preserved by the steady introduction of new migrants 
who will in time lose their distinctive characteristics. The short-term 
advantage is procured at the cost of a gradual expansion of the labor 
force. 

Foreign ownership of capital .—The original residents of the migrants’ 
country of destination may be adversely affected if part of that country’s 
capital stock is foreign owned. Suppose once again that migration is pure 
labor {AK = 0, AL is finite), but now add the assumptions that the total 
stock of capital, K, consists of A', owned by residents of the country to 

* Note that the area under the marginal product of labor curve in fig. 1 is actually the 
difference between the national income when an amount L is provided and the national 
income as it would be if none of the factor L were provided. 
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which the migrants come and owned by foreigners {K = 
and that migration will not provoke new foreign investment. In this case, 
migration might lead to a reduction in the income of the original residents. 
The change in their income is 

/. Alt. + A-, Ar = (-i AL Ale) + (/fj Ar), (7) 

where the first term in parentheses is positive, the second term (a transfer 
to foreign owners of capital) is negative, and one cannot say a priori which 
is the larger of the two. This argument is taken directly from the inter¬ 
national trade literature (MacDougall 1960). 

The alleviation of shortage .—Our final variant of the terms of trade 
argument is that migration might be the means by which a country 
alleviates a shortage of a particular kind of labor. Suppose there is a 
substantial outward shift in the demand curve for, say, pipe fitters so that 
the actual wage becomes substantially in excess of the long-run “equilib¬ 
rium” wage, where equilibrium is understood to mean that the wage is 
just sufficient to induce a potential pipe fitter to undertake the schooling 
and training necessary to become one. Here L in figure 1 is the number of 
pipe fitters prior to migration and AL is the number of pipe fitters migrat¬ 
ing into the country. The point is that migration which is typically a small 
proportion of the total labor force in a given year (so that AZ. is small 
relative to L and the triangle ABC is small as well) may add significantly 
to a particular trade in short supply so that the relevant triangle ABC 
may be substantial. My colleague, Alan Green, after an intensive study of 
Canadian immigration policy, has come to the conclusion that this con¬ 
sideration goes a long way toward explaining the evolution of migration 
policy in Canada (see Green 1976). 


The Distribution Argument 

It is easily seen from figure 1 that migration of labor causes a redistri¬ 
bution of income from labor to capital. The size of the redistribution 
is L Aw, which is exactly equal to K tsr if the triangle ABC is small 
enough to be ignored. The redistribution of income played no part 
in the analysis of the standard case and the terms of trade argument 
because it was taken as a premise that migration is to be counted as 
good or bad according as the total income of the original residents 
is increased and decreased. However, society may not be indifferent 
to distribution. If suppliers of labor are on the whole relatively poor 
and owners of capital arc on the whole relatively rich, the migration 
of labor may be counted as harmful insofar as it causes a redistribution 
from labor to capital. 
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The general form of this argument is that migration is beneficial or 
harmful to original residents because the remuneration of the migrant’s 
factors of production is less or more than the sum of their marginal 
products. 

Progressive taxation. Define the “net wage” to be the actual wage less 
tax payments plus the worker’s share of public services financed through 
the tax system. With a genuinely progressive tax system, where the 
progressivity is not eroded through loopholes, the net wage rate defined 
in this special sense is greater than the marginal product of labor for the 
poor but less than the marginal product of labor for the rich whenever the 
gross money wage is equal to the marginal product of labor as assessed 
by the employer. Cllearly, it is the net wage, rather than the actual money 
wage, that is relevant for the assessment of the costs and benefits of migra¬ 
tion. It follows that progressive taxation tends to render migration 
beneficial or harmful to the original residents according to whether the 
migrants are relatively rich or poor. 

F.conomies of scale. —With increasing returns to scale in the production 
function, the output Q is less than what is required for each factor of 
production to receive the value of its marginal product; increasing returns 
to scale in the production function Q = F(K, L) implies that 
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.so that the wage of labor is less than the marginal product of labor, or the 
rent of capital is less than the marginal product of capital, or both. If 
increasing returns to scale cause the wage to fall short of the marginal 
product of labor, then migration of an extra worker confers a benefit 
upon the rest of the economy. Of course the converse is also true. If 
decreasing returns to scale caiise the wage to exceed the marginal product 
of labor, then migration of an extra worker results in a net loss to the rest 
of the economy. 

Defense, looked upon as a pure public good, is a source of economics to 
scale to which the foregoing argument applies exactly. Migrants contribute 
to the cost of defense, reducing the cost to each of the original residents 
without reducing the amount of defense provided. On the other hand, 
land, minerals, water, and space, which are all in fixed supply, may be 
sources of decreasing returns to scale and a potential cost of migration to 
the original residents. One cannot say a priori where the balance lies. 

Externalities. —Migration is advantageous or disadvantageous to the 
original residents of the country where the migrant goes if the charac¬ 
teristics of the migrant are such that his activities confer externalities or 
disexternalities on the people around him. 
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There are several variants of this argument, the most important having 
to do with the migration of highly educated people. It is often alleged— 
though I have seen no convincing evidence for this proposition—that the 
net contribution of educated people is in excess of their wage. If so, then 
inmigration of educated people is beneficial and outmigration of educated 
people is harmful to the rest of the population. 

Migrants would also convey externalities if their propensity to save 
were greater than the propensity to save of the original residents and if— 
as is almost always the case —the tax laws were such that the social return 
to saving is significantly in excess of the private rate of return (Rodriguez 
1975). It has been alleged that the inflow of migrants can affect excess 
demand or the balance of payments (Mishan and Needleman 1966, 
1968). Similarly and more directly, migrants could be said to convey a 
kind of externality upon the rest of the population if their crime rates 
were lower or if they were inclined toward professions for which social 
benefits are in excess of private remuneration. 

The cost of education .—The cost of education would be irrelevant to the 
assignment of gains and losses from migration if each man paid the full 
cost of his education, but it becomes important when education is sub¬ 
sidized or provided free of charge by the state. It is sometimes supposed 
that there is an implicit contract between the student and the state in 
which the latter supplies education at less than cost on the understanding 
that the net income of educated labor will, one way or another, be less 
than its marginal product. The immigration of educated labor generates 
the benefits of this arrangement without the cost. This argument is really 
a variant of the externalities argument above. Its validity rests entirely 
on the assumption that educated labor is paid less than the value of its 
marginal product. 

The converse of this argument—that the exit of educated labor is 
harmful—has received a great deal of attention and is probably stronger, 
especially in the context of the migration of educated labor from less 
developed to developed countries. If, for whatever reason, the government 
wishes to maintain a given proportion of educated people, then the out¬ 
migration of educated people forces the government to provide more 
education than would otherwise be necessary. Two people must, as it 
were, be educated to ensure that one educated person remains in the 
country, and the education of the extra person, the one who migrates, is 
a social cost with no corresponding social gain unless, as Johnson (1965, 
pp. 304—6) has argued, the migrants make large transfers to their countries 
of origin or add significantly to the stock of knowledge in a way that is as 
likely to benefit one region as another. The cost of education plays an 
important role in the analysis of the brain drain in the writings of 
Johnson, Bhagwati, and others cited above. 
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Public Property 

The argument wc are about to develop can be classified as a special case 
of the factor market argument.* It is a characteristic of most societies 
today that a large portion of the property is publicly owned. This includes 
not only property that is officially in the public sector —public housing, 
roads, schools, national parks, public industry, and the like—but also 
the public’s shan; of property that is officially private—the half of all 
capital in the corporate sector that accrues to the government via the 
corporation income tax, the present value of the revenue from in¬ 
heritance tax, and so on. liven human capital is public insofar as the 
earnings from human capital are asscsscfl at a very high rate of tax. On 
going from one country to another, the migrant abandons his share of the 
public, property in the country from which he comes and acquires his 
share of public property in the country to which he goes. 

Let us reconsider the case discussed above where migrants contribute 
A/, to the labor force (AA' = 0), but let us suppose that a proportion 0 
of the capital stock is publicly owned and that the migrants acquire a 
share of public ca[)ital in their adopted country. I'he migrants’ remunera¬ 
tion from publicly owned capital is 0{r + Ar)K[ALI{L -I- AA)], which 
is the product of the public’s share of the capital stock 0, the income from 
capital (r + Ar}K and the percentage increase in the labor force 
AA/(/. -f AA). Lquation (2) may now be revised as follows: 

Q + AQ ^ [wl. + rK) + {I. Aw + K Ar - 0(r -I- Ar)A'[AA/(A -h AA)]} 
-I- {(m + Ate) AA + 0{r + Ar)A-|AA/(A -h AA)]}, (9) 

where, once again, ilu' three c.xpressions on the right-hand side of the 
equation represent the income of the original residents prior to migration, 
the change in their income as a ii'sult of the migration, and the income 
of the migrants themselves. As equation (.f) still holds, the value of 
A Aw -h A' Ar is equal to (— 1 Ate AA) as before, and the net change in 
the incomes of the original residents is [] Ate — 0K{r Ar)/(A -t AA)] AA, 
which could be positive or negative but would normally be negative if 0 
were at all large. I hc meaning of this expression can be illustrated on a 
diagram similar to figure 1. 

figure 2 reproduces the marginal product of labor [MPL) curve from 
figure 1 and adds two other curves, the average product of labor curve 
and a cross between average and marginal product represented 


^ In facl, Romans (1974) has gone so Jar as to claim that every argument about the cost 
and benefits of migration is a factor inaikt't argument. 7'he terms of trade argument can 
be forced into that mold, though I do not think it useful to do so. Only the distribution 
argument is genuinely dilTerent. 
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ca pi to I . 

GFCA - BCFG - ABC = net loss to originol residents. (Notice that 

GFCA could be negative if (9 ‘^6re very small.) 
ADEC « marginal product of mlgronts. 

GDEF ” full Income of migrants. 

Fig. 2 


by the formula MPL + 0{APL — MPL). The third curve shows the 
income per migrant inclusive of his share of publicly owned capital, for 

{w + Aw) + = MPL + 0{APL - MPL). (10) 

One can immediately see from the diagram that the income of migrants 
exceeds their net contribution to national product if 0 is large, for their 
contribution to national product is ADEC as before while their income 
is GDEF, equal to M^{MPL + 0{APL — MPL)], and the difference 
GACF has to show up as a reduction in the remuneration of original 
residents. 

Though the analysis is presented as comparative statics, the gains and 
losses can be capitalized and expressed as present values. There is in fact 
a good reason for doing so. If I migrate to a country, I impose costs upon 
the original residents of that country this year and in every future year. It 
seems natural to represent those costs as the sum of money that would just 
compensate the original residents. In all this, there is an implied de¬ 
mography. It is assumed that migrants come in families which replicate 
the age and sex distribution of the original population, and that the rates 
of birth, death, reproduction, and even outmigration of original residents 
and migrants will henceforth be the same. It is because migrants are 
exactly like the original residents that we can limit the impact of migration 
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to its effect on the capital-labor ratio and on the pattern of ownership of 
property. 

Some Back-of-the-Envelope Calculations 

It is possible to attach rough magnitudes to this analysis. I shall attempt 
to compute the values of the different costs and benefits to the original 
residents of the migration of 1 million people into the United Kingdom in 
the year 1974. It will first be assumed that migrants have no capital of 
their own, and afterwards a calculation will be made of how much capital 
the migrant would need to bring with him in order that costs and benefits 
to the original residents would just cancel out. 

All the data wc require arc presented in table 1. As the reader can sec 
at a glance, some of the data arc probably quite accurate, and some are 
most certainly not. 

The classification of property requires a word of explanation. There are 
three main categories, public, private, and mixed. Public property is that 
which is owned outright by the state, including roads, bridges, hospitals, 
schools, etc., and an arbitrary imputation, entitled public resources, for 
items like crown lands, subsoil assets, and oil re.serves. Mixed property is 
capital that is privately owned and managed but taxed in such a way 
that a substantial proportion of the income accrues to the state. I have 
assumed the public’s share of the revenue from mixed property to be 
50 percent, and, because of tlte corporation income tax, 1 have counted 
the assets of corporations as mixed property ignoring the exemption for 
interest payments. Private property is that for which the entire earnings 
accrue to the owner. 

In assessing the value of the transfer from original residents to migrants 
associated with the migrants’ acquisition of a share of publicly owned 
assets, we must, of course, deduct the value of public debt because the 
migrants confer a benefit upon the original residents by assuming a share 
of the taxes required to finance the interest and redemption of the debt. 
This could in principle outweigh the advantage.s the migrant receives 
from the acquisition of a share of publicly owned assets, but, as it happens, 
the debt is quite small compared with the value of publicly owned assets, 
and the balance is strongly in the migrant’s favor. The measure of the 
debt js an estimate of its market value, which is substantially less than 
book value because interest rates were higher in 1974 than they were 
when the debt was issued. Thus of total assets of £304 billion, the amount 
that is publicly owned can be assessed in billions of pounds as: 


Public assets. 163 

Half of mixed assets. 39 

Less public debt. —24 


Total. 178 
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TABLE I 

Data for the United Kingdom, 1974 


Total capital Stock: . 

T304 billion 

4. Population . 

56 million 

a) Private a.ssets . 

£ 63 billion 

5. Labor force. 

26 million 

if) Mixed assets, foreign . . 

£ 10 billion 

6. Elasticity of substitu- 


c] Mixed assets, domestic 

£ 69 billion 

tion between labor 


d) Public assets. 

13 billion 

and capital . 

1.0 

e) Public resources. 

£ .10 billion 

7. Labor’s .share of 


Public debt . 

£ 24 billion 

output. 

3/4 

National income. 

£ 66 billion 

8. Assumed migration . . 

1 million 


SouHCK —Mam source of informal ion is Nattonal Intonu and /expenditure, 11)64-74 (London 1IMSO, 1975). 
National income (3) is from table 1, c.'ipita) stock fifrures are from table 72, but the total (!) is au^imenled by 
a figure of £50 billion, included in this tabic as public resources (r) and represcnlmg the public’s claim to 
subsoil assets, public land, etc. Public assets (d) consists of the c.itegonrs “jiublic corporations.” “central 
government,” and “local government ” Private assets («) ronsists of “jirrsonal sector” and “financial com¬ 
panies.” Tlie category of mixed assets {!>) and (<) consists of^mtiustrial and commercial companies,” of which 
£^10 billion is assumed to be foreign owned; this last figure is taken from the Bank uf ICnglana QuarUrly BulltUn 
(June 1974). Population (4) ami labor force (5) arc taken from the Annwil Abslraci of ..9ta(u(ici (London* 
HMSO, 1975). Labor's share of output (7) is uritially lower than the actual figure for 1974 but higher than 
has been the case in recent years. The esiimair of public ilebi (2) is of us ni.arkrt value in 1974, which is 
somewhat lower than its book value in 1974 


Publicly owned assets amount to /d 78 billion or 58 percent of total assets, 
so that the value of 0 in equation (9) is 0.58. Since publicly owned property 
is by definition owned cc|ually l)y all citizens, the inflow of a million 
migrants involves the original residents in a loss of -j'-f ll't; public 
property (the population of the United Kingdom was 56 million) or 
/)3,123 per.migrant per year. 

'I’o connect this mc.asurc f)f loss per migrant through the sharing of 
public property with the discu.ssion in the preceding section and to com¬ 
pare it with other sources of gain or loss from migration, it is convenient 
to recompute the number in a roundabout manner, expressing gains or 
losses as annual flows in the first instance and capitalizing these. The 
calculations arc presented in table 2 which is constructed on the as¬ 
sumption that the U.K. economy can be represented by an aggregate 
production function with unitary elasticity of substitution between labor 
and capital. 

Tabic 2 is largely self-explanatory. 'I'hc first row shows amounts of 
factors of production, the national income, and its components prior to 
migration; the second presents this information as it would be after the 
inflow of a million immigrants; the third row shows the effect of migration 
on total income, the income of migrants, and the income of the original 
residents; and the fourth row capitalizes the values in the third row at 
the rate of interest implicit in the example. 

In interpreting this table, the following points should be borne in 
mind: (a) The immigration of a million people increases the labor force 
by only 464 thousand because the labor-participation rate of migrants is 
assumed to be the same as that of the original population. (A) The total 
income accruing to labor is apportioned between immigrants and original 
residents according to their shares of the total population, (c) Tlie total 
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income accruing to capital is apportioned between the public and private 
sectors according to their shares of the ownership of the capital stock. 
Prior to migration, the £304 billion worth of capital consists of £178 
billion publicly owned, £121 billion privately owned by residents, and 
£5 billion foreign owned (£5 billion rather than the £10 billion shown in 
table 1, because foreign capital is classified as mixed capital). .After migra¬ 
tion, one fifty-seventh of the £178 billion of publicly owned capital is 
assumed to be owned by migrants, (d) The appropriate rate of interest 
for converting tlic annual costs and benefits in the third rovv to the present 
values in the fourth is .5.5 percent, equal to the ratio of the total return to 
capital and the value of tlie capital stock. Note that this procedure is 
valid only if we can assume that the migration has no effect on the relative 
price of capital goods and consumption goods, (e) The numbers in the 
bottom row show at once the effects of the inflow of a million immigrants 
in millions of pounds and the costs or benefits per immigrant in pounds. 
The figure in the extreme lower right-hand corner of the table indicates 
that each migrant’s share of the present value of the return from public 
properly is £3,123; this is the same number that has already been 
computed as a fifty-seventh part of the total of public property. 

The overall effect of migration upon the original residents can be 
computed either (i) by comparing the migrants’ remuneration from labor 
and from publicly owned capital with increases in the gross domestic 
product resulting from the addition of the migrants’ factors of production 
or (ii) by adding up the changes in the returns to the factors of production 
owned by the original residents. In the first procedure (adding up the 
annual changes from the third row), the values expressed in millions of 
pounds are; 


Migrants’ remuneration; 

Return to migrants’ labor. 880 

Return to migrants’ share of ptiblicly 
owned property. 172 

Total. 1,052 

Increase in the national income: 

Increase in national income. 881 

Less increase in return to foreign-owned 
capital. — 4 

Total . 877 

Loss to original residents. —175 


In this calculation, the loss to the original residents is completely 
dominated by the migrants’ share of publicly owned property. The dif- 
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ference between the increase in the national income and the labor income 
of migrants, the famous triangle ABC in figures 1 and 2, is only million, 
and the increase in the return to foreign owners of capital is also small. 
In the second procedure we add up the changes in the remuneration of 


the original residents; 

Labor income . —219 

Private return to capital. 88 

Return to publicly owned capital . —44 

Total los.s to original residents. — 175 


It shovdd be stressed that the appropriate costs and benefits of migration 
are the present values in the fourth row of table 2 rather than the annual 
flows in the third row, for migration is a once-and-for-all event with 
consequences that persist indefinitely into the future. The total present 
value of the cost of migration associated with the sharing of public capital, 
the, change in the remuneration to foreign owners of capital, and the terms 
of trade effec t is the present value of ,(,175, or ^'3,182 per migrant. 

Lven within the terms of this example, the result that the cost to the 
original residents is /i3,182 per migrant could be overturned if the 
migrant was a supplier of publicly owned capital. It is not sufficient that 
he lirings ctqiital with him that would only redtiee the size of the welfare 
gain due to the spread between the marginal products of the first and last 
migrant. To count as publicly owned, his capital must be invested so that 
it becomes mixed capital as defined above; the migrant must invest his 
capital in a form where a substantial part of the return to the capital 
accrues to the state, as would be the ease if migrants subscribed to new 
issues of capital stork. If halfihe migrant’s capital is private and the other 
half is mixed, lie would need a capital stock of12,728 per migrant or 
/ 50,912 ]ier family of f()ur in order that the original residents would be 
neitlier worse off nor belter off as a result of his coming. Similarly, the 
figure of/'3,182 can be looked upon as the present value of the benefits 
that the migrant would need to confer upon the rest of the community — 
by jiaying taxes high enough to cover the imputed rent of publicly owned 
property as well as the direct cost of the public services he receives or by 
conferring externalities that flow automatically from his scientific or 
technical training without being rcHet led in the wage that he receives— 
to overbalance the effect of his ac,c|uisition of a share of publicly owned 
capital. 

General Comments 

1. We have discussed a number of ways in which migration can have a 
positive or negative effect upon the welfare of the people who remain 
behind in the migrant’s country of origin and of the original occupants 
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of the country to which he goes. We have of course emphasized the public 
property argument because that is what this article is about. But the 
assessment of the effects of any particular migration, such as the postwar 
migration into Canada or the migration of educated people from less 
developed to developed countries, would ideally take account of all the 
“exceptions” we have discus.scd other than those which can be shown to 
be irrelevant or quantitatively insignificant. 

In such an as.scssment, it would have to be recognized that the excep¬ 
tions differ in their timing. The analysis as illustrated in figure 1 is 
comparative statics. It may be interpreted in the short run as pertaining 
to a situation which lasts for 1 year or for a limited period of time. It may 
be interpreted in the long run as pertaining to a situation which persists 
indefinitely. The public property argument is intrinsically long run. 
Migrants are assumed to behave like the original re.sidents of their country 
of adoption with the result that the capital-labor ratio of the original 
residents is permanently lower unless the original residents undertake 
enough extra saving to restore the capital-labor ratio to what it would 
have been in the ab.sence of migration. It is because the public property 
argument is long run that we capitalized the values of the relevant areas 
in figure 2 in our calculation above. 

Other considerations are short or medium run. Presumably migrant- 
spct ific factors of production cease to be migrant sisceific after the lapse 
of a generation. Shortages solve themselves in time. The children of poor 
migrants might be rich, and the children of rich migrants might be poor. 
Of course, both long- and short-term costs and benefits can be capitalized, 
but the appropriate weightings are different in each case. 

2. The assessment of the consequences of the migration of educated 
labor from less developed to developed countries —the analysis of the 
brain drain-—has for the most part been based on the externalities argu¬ 
ment and the cost of education argument, and the general conclusion 
seems to have been that the less developed countries lose and the developed 
countries gain from migration. That conclusion is not necessarily over¬ 
thrown when we introduce the public property argument, but it needs to 
be qualified. 

First, the costs to those who remain behind in the migrant’s country of 
origin and the benefits to original residents of the country to which he 
goes—costs and benefits having to do with the public expenditure on his 
education or with a divergence between his wage and the marginal 
product of his labor—will materialize only if the migrant is better educated 
than the average person in both populations. For it follows as an account¬ 
ing identity that richer and better-educated people cannot receive less 
than the value of the marginal products of their factors of production 
unless the poor and worse-educated people receive more. Furthermore, it 
is not sufficient that the migrant himself be well educated; any assessment 
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of the externalities resulting from the migrant’s education must take 
account of the education of the migrant’s dependents. A migrant can be 
said to convey benefits upon the original residents only if the average 
education of the migrant and his dependents together exceeds the average 
in the population as a whole. 

There is even a possibility that tlic educated migrant might impose 
costs both upon the original residents of the country to which he goes and 
upon the people who remain behind in the country from which he comes. 
This coultl occur if the first country is well endowed with piublicly owned 
capital while the second is heavily burdened with public debt, or if the 
migrant's human capital (assuming that human capital is partly public) 
were less than the average endowment of human capital in the first 
country but greater than that in the second. Both these situations could 
arise as a result of migration from poor to rich countries. 

Second, since the public capital argument applies to rich and poor, to 
educated and uneducated migrants alike, a migration will not be bene¬ 
ficial to the original residents unless the externalities associated with the 
migrants' education or wealth more than compensate for the loss asso¬ 
ciated with the sharing of public property. There is no question that the 
United States benefited from the migration of Albert liinstein. It is diHicult 
to say how much less skilled one can be before the net benefit to original 
residents is lost 

riurd, a migrant may convey benefits to .some of the remaining residents 
of his eoiintry of origin if hr is unable to take all of his possessions with 
him when he migrates. He tonfeis benefits upon his brothers and sisters 
if he must abandon Itis share of the family inheritance. The obvious case 
is where a farm is enl.iiled to be inherited as a whole by someone who is 
prcpiired to occupy it. '1 he family properly tirgument is it variant of the 
public property argument. Its importance depends on how large a portion 
of a man’s capital he can maintain as he moves fiom one country to 
another. 

3. (jiven the assumptions we have made, the original residents of a 
country could avoid the potential cost of migration or turn migration to 
their advantage in .several ways: by the imposition of an entrance fee, by 
discriminating among migrants so as to accept only those who arc rich, 
highly cdiuated, or highly skilled, by increasing the public debt to the 
point where publicly owned assets are just matched by public liabilities, 
or by admitting migrants as guest workers rather than as citizens. The 
first method would oblige migrants to buy out a share of publicly owned 
capital, but the “optimal” entrance fee from the point of view of the 
original residents might be higher than this objective would imply. The 
second method is widely practiced. For instance, Canada has a point 
.system in which education and skill are weighted heavily. Other countries 
have established themselves as tax havens by restricting migration to 
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people whose incomes are in excess of some given amount. The third 
method would not work in practice because debt can be repudiated 
directly or through inflation, and because the temptation to repudiate all 
or part of the debt would increase with the size of the debt itself. On the 
other hand, countries have admitted guest workers and may well have 
increased the incomes of the original residents by doing so. That is not 
inconsistent with the analysis presented here because it is the essence of 
the institution of guest workers that they are denied access to at least a 
substantial part of the advantages available to full citizens—support in 
old age, education for their children, the right to vote, and so on. This 
essay is an analysis of migration on the assumption that migrants become 
full citizens and that they and their descendants are as likely to remain in 
the country as the original residents themselves. 

4. There is a close family resemblance between the economics of 
migration and the economics of birth control, for both have to do with 
the impact upon the original residents of a country of the introduction of 
e.xtra people with an immediate claim to a share in society’s capital stock. 
In fact, the economics of birth control is really the simpler of the two 
because it does not require that one identify the extent of public owner¬ 
ship in the capital stock. The newly born child acquires a share in the 
entire capital stock at the expense of his brothers and sisters if the capital 
slock is privately owned. 


Conclusion 

I'hc main proposition in this paper can be put very simply: Wr can think 
of people in society as econoinir men and a.s political men. Kconomic 
men are unequal, for their incomes depend on the marginal products of 
the factors of production at their disposal and factors of production arc 
not divided up equally. Political men are (or ought to be) equal, for each 
man has one and only one vote, the same civil rights as every other man, 
the same influence in the choice of leaders, and the .same right to stand for 
ollicc. But the equality oi political men and the inequality of economic 
men cannot be kept in watertight compartments. Political equality exerts 
a continual prc.ssure toward economic ec|ualily through public provision of 
services, progressivity in the la.x system, and partial public ownership of 
the means of production. Migration is not just the transfer offactors of pro¬ 
duction from one country to another. The migrant acquires citizenship 
which entitles him to a fair share of public property and of the benefit or 
cost of redistribution, depending on whether he is rich or poor. Tliis is an 
important consideration in the assessment of the effect of migration on 
people who remain behind in the country from which the migrant comes 
and on the original residents of the country to which he goes. 
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The Monetary Appreciation of Paintings 


John Picard Stein 

Rand Corporation 


Price indices for prc-World War II paintings arc developed from U.S. 
and U.K. auction prices, assuming that auctioned paintings are sampled 
from a fixed underlying stock of paintings. The simple foiin of the 
capital-asset pricing model is modified to describe durable goods with 
risky capital appreciation and constant service yield. Estimated para¬ 
meters for U.S. paintings are = 0.82 (SE = 0.34), = .24, 

service yield = 1.6 percent (SE = 7 percent). To individual collectors, 
"performance” is positive to the extent that they value the service yield 
above 1.6 percent. Paintings arc “inefficient.” Regressions using U.K. 
data hare no significant fi ctH'fficients. 


In a number of ways, paintings are extraordinary economic goods. They 
arc at once durable consumer goods and financial assets. Their aggregate 
supply is nonaugmentable, when the works of only deceased artists are 
considered, I'liey are c.xtremely heterogeneous, with values that range 
from a few dollars to a few million dollars. When hung in museums, they 
are public good.s in the sense that their viewing .services are simultaneously 
available to everyone. I'hcy arc speculative goods to the extent that 
demand determines future price appreciation and expected future price 
appreciation determines demand. In sum, paintings are an archetype 
of what might be called “collector goods,” and as such they deserve 
attention. 

This study attempts to quantify and then to analyze the monetary 
appreciation of paintings over time. It is widely believed that the rate 
of return from investments in paintings during the 19.')0s and 1960s was 
far greater than the rate obtainable from comparable risky assets in 
financial markets (see Rush 1961, p. 385; Keen 1971, p. 24). The principal 
obstacle to informed discussion of this issue is the lack of a reliable measure 
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of the general rise in the price of paintings. In the section that follows, 
I develop price indices by assuming that paintings at auction are randomly 
and independently sampled from an underlying fixed stock of auctionable 
paintings. I'hen the auction prices of imlividual paintings constitute 
observations from the underlying distribution of painting values, and 
price indices for the total stock can be based on observations of the prices 
of different paintings each year. 1 construct annual price indices for the 
United States and Britain for the years 1946-68. The fixed stock of 
paintings chosen for study includes all paintings by artists who died 
before 1946. 

In the subsec|ucnt section, I e.xtend the simple form of the capital-asset 
pricing model, developed in articles by Sharpe (1963, 1964) and Lintncr 
(196.')«, 1965i), to describe risky durable goods. The riskiness of paintings 
is argued to arise from fluctuations in their rate of price appreciation, 
while the rale of nonpeetiniary return is assumed to be constant over time, 
riiis model is fitted to the price indices for paintings to derive estimates of 
the nonpecuniary return and the performance and eliiciency of paintings 
as financial assets. 


Price Indices for Paintings 

To iiermit cotttparisons over time, a fixed underlying stock of auctionable 
paintings must be isolated, from which paintings at auction arc sampled. 
II'the underlying stock is allowed to grow or change, price indices based 
on successive auction samples recpiire a quality adjustment. Of the groups 
of jjaititings whose supply was e.ssentially fixed during the period under 
siitdy, 1946 68, the largest is the stork of all pictnies painted before 1946. 
In the Ibllowing analysts, 1 took as my object of study the latter group, 
liirther restricted here to paintings by artists who died before 1946, to 
avokl situations in which an artist whose paintings were under study 
produced new and closely substitutable art works after 1946.' Henceforth 
the term "paintings" will refer only to this restricted set of art works. 

Sup[)o.sc that tlie slock of paintings consists of rt paintings. Iff)/),//), is 
the average instantaneous rate of monetary appreciation of painting i 
over the arbitiary period A/ between points s and /, then the mean pro¬ 
portional a|)preciation of all paintings is 



^ The lolcs ot substitutable art works as \\ell as all other complements and substitutes 
lor the pairiUngs thus isolated toi study are surnrnaiT'/.<*d in the capual-asset pricing model 
by the behavior oflhe inaikel poillolio. Inleidependenci’ among asset returns unrelated 
to market risk is ignored. 
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If one substitutes Z)(ln for DpJp^ and uses the limit definition of a 
derivative, it follows that 


Ps 


P/“)'7(n 


P.S 


1/n 


( 2 ) 


The ratio of the geometric means of prices in any two periods will be used 
as a price index. 

Using the geometric mean of auction prices as a proxy for the geometric 
mean value among all paintings introduces two sources of bias. First, the 
subset of auctionable paintings is not fixed but decreases over time as 
top-quality works arc skimmed ofl’ the market and accumulated in 
museums. Second, auction prices do not represent a uniform sample of 
the values of auctionable paintings. Some types of paintings are auctioned 
more or less frequently than others, and some auction prices may be biased 
by noncompetitive auction practices. A number oi arguments arc given 
below as to why these may not actually turn out to be problems; but in 
any case the data on auction prices arc probably as good as one could 
hope to get. 

Let us consider the bias introduced by museum collecting. To the 
extent that museum acquisitions draw proportionately from all quality 
segments of the auctionable stock, this depletion would neither skew the 
sample of auction prices nor bias the price indices as constructed above. 

Post-195(l museum acquisitions could not begin to pinch the supply 
side of the auction market until near the close of the period of analysis. 
If one assumes that, on the average, privately owned paintings were 
turned over once in a generation during the IQ.IOs and 1960s, then most 
of the paintings bought by museums after lOSO would have been unlikely 
to reappear on the market during the period of analysis, even if purchased 
by private persons. In contrast, museum growth prior to and during 
World War II did not take place on nearly so large a scale as later. ^ 

During major rcce.ssions, an above-average number of person.s liquidate 
portions of their assets and eventually come to sell paintings. During the 
sustained economic boom of the early and middle 1960s, probably fewer 
than the normal number of private collectors clio,se to liquidate their 
collections. Thus museums acted no differently from private individuals 
during those years—both held on to their collections. 

Most of the very top-quality works suitable for mu.seum collection are 
sold privately through negotiation rather than at auetion. The museum 


^ Approximately half of the 2,372 U.S. museums operating in 1970 (.tit museums as 
well as all other types) -were founded Ix’tween 1950 and 1969, according to the Ameilcan 
Museum Association, Washington, D.C, In addition to the accelerating rate offoundation 
of new museums, there is reason to believe that individual museums accelerated their 
pace of acquisition of pictures in the 1950s and 1960s. 
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accumulation of such works would not be missed by the auction market. 

Consider the second source of bias—the likelihood that auction prices 
do not represent a uniform sample of the values of auctionable paintings. 
Works of fashionable artists or schools may dominate the auction rooms 
out of proportion to their share in the total stock. Very expensive paintings 
are relatively unlikely to be auctioned, because of the sliding scale of 
commission fees charged by auction houses. The paintings of highest 
quality, as noted, are seldom sold at auction. Collusion among dealers 
(in what arc known as “dealer rings'’) tends to depress auction prices. 
“Buy-backs,” so called because a seller puts up a painting for auction and 
then purchases it himself through an intermediary in order to record an 
elevated value for the work which can later be a useful sales point, 
artificially inflate prices. 

If it can be assumed that (he net proportional bias caused by all these 
factors is randomly distributed about a mean that is constant over time, 
the net effect is to displace the geometric mean auction price from the 
average value of all auctionable paintings by the same expected pro¬ 
portion year after year, i'he relative appreciation of this mean wtll still be 
an unbiased estimate of the relative price index for all auctionable 
paintings. 

I'he source of the auction data used here is Art Prices Current. The 
1967-68 volume was the latest available for the study, and data-prepara- 
tion and processing co.sts limited the analysis to the years 1946-47 to 
1967 6f!. A screening of the transactions eliminated paintings in cases in 
which (1) experts in the auction houses had expressed doubt as to the 
painting's authenticity, (2) the painter was unknown or the painting was 
listed under "school of,” or (3) the painter was still living in 1946. 

Table 1 presents geoinetric-mcan-pricc levels for s.ales in the United 
States and Britain, with .sample .sizes corresponding to each aserage. The 
U.S. and British art triarkcts were studied because an average of 84 
percent of the paintings reported in the data source were sold in these 
countries,^ with the remainder being sold on the Jiuropean continent. 
British auction prices w'cre converted to U.S. dollars, using the exchange 
rate as of December 31, roughly midway through the art-market year, 
which runs from August to July. The 1947-49 volume oi Art Prices Current 
combined the sales of the 2 years. 

The average annually compounded rate of price appreciation for U.S. 
paintings between 1946-47 and 1967 68 was 10.47 percent. For dollar- 
denominated prices of U.K. paintings, this rate was 10.38 percent. For 
pound-denominated prices of U.K. paintings, it was 13.12 percent."* 

^ Each year’s percentages weighted equally. 

■* I did not construct separate indices for various classes of paintings. Classification of 
individual paintings would have required an expert knowledge of art history, and in 
any case differences in the rates of appreciation among various classes of paintings are 



TABLE 1 





Using exchange raiei at December 31 of each year, as reported in Ininnaitonal Fiaaruiat Slatiilus 
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Random and systematic sampling errors cause the geometric mean 
auction price to differ from the geometric mean value within the under¬ 
lying stock of paintings. The error variance of the sample average about 
the true average in any given year is 1 /n times the price variance in the 
underlying population, where n is the number of paintings in the sample 
auctioned that year. Observed variance among auction prices in each 
year was used as an estimate of the price variance in the underlying 
population. The stanriard error of estimate of each geometric mean is 
given in table 1. It is expressed in percentage form as a result of working 
with logarithms of prices. 

fo clicck tlje stability over time of the process by which paintings were 
selected for auction, 1 graphed the frequency distributions of auction 
prices for the United States and Britain in each year. These distributions 
are typified in figure I, rising abruptly from some ‘'threshold*’ price 
(perhaps that price below which it was not profitable to auction a 
painting), reaching a maximum, and then decreasing with higher prices, 
consistent with (he intuitive notion that paintings of increasingly high 
quality and value are increasingly scarce. The decile points of the fre¬ 
quency fli.striburion as well as the geometric mean price and the thre.shoJd 
price wore found by visual inspection to parallel each other closely over 
lime.*’ A (lliow tost failed to show that the <iistribution of auction prices 


latK<'ly tluf U) fisliion. The 'Time\ rollaboiatrtl wiih Sotheby’s auction house to develop 
piirr indues for vlcctctl < of paintings ami other art wnrks in Britain over the 

jK'Mod following aveiage annual rales of appreciation vs'ere observed for 

some of the.se classes: ol<l riMSii-r paintings, overall, 11 pi'uent; northern primitives, 

10 peitenl, Brueghel school, 11 percent; Dutch and Flemish flower pictuies, 9 percent; 
Dutch aiKl Fltmusli Mill lifes, 11 percent; Dutch marine pictures, II percent; Dutch 
landscapes, II pei'teru, Dutch gi'iirr paintings, 9 percent; Dutch architectural paintings, 

11 per<'<’rit; Dutch pe<isant 8 perc<‘nt; historical portraits, 8 percent; Italian 

piiiTUUves, 10 percent; early Kenaissanee paitiiings, 13 percent: late Renaissance paint- 
mgs, 8 pt’ieejtl; scicento paintings, 11 peieenl; Italian eighteenth-century redutisti, 
13 perc<*nt; Fn’iieh eighleenlh-rentury iiiaMeis, 13 percent; French eighteenth-century 
\’iew jiainleis, I") percent, pre-Kaphaehte paintings, 15 percent; impressionist paintings, 
(>\'er,dl, 17 pfteeni; Monet, 21 jieicent; Ri'iiuii, 13 percent; Pissarro, 17 perccnl; Sisley, 
18 percent, Boudin, 18 {K*ueiu, Fantin-Latour, 15 percent; twentieth-century paintings, 
oveiall, 21 peiconl; Picasso, 22 peieciil; Braque, 19 peicerU; Bonnard, 22 percent; 
Clliagall, 24 percent; Vlaminck, 21 peiceiU; Rouault, IG percent; Utrillo, 17 percent; 
French furniture, 10 percent; English glass, 12 percent; English silver, 12 percent; old 
book.s, 14 jierceni; modern books, ) 1 percent; Chinese porcelain, 18 percent; old master 
drawmgs, 19 percent; okl master prints, 20 |M*icent. Observed prices were adjusl(‘d for the 
(piality of the an wuik by .Sotheby’s appraisers before being incorporated in the indices. 
Many of the indices weie based on a handful of observed prices. The construction of 
these indices is described m Keen (1971, pp. 242 49) and critiqued in Stein (1973, 
pp. 4()-47). According to these indices, excellent returns could be earned by anticipating 
fashions In this study, I try t<r avoid having to explain fashion .swings by considering as 
hroatl a class as possible of paintings by artists whoso reputations had generally matured 
and thus stabilized. 

\ more thorough analysis of the fretjuency distributions of auction prices can be 
found m Stein (1973). Graphs of the frequency distributions observed m each country 
in each year are presented there in an appendix. 
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Fig. 1.—Typical frequency distribution of auction pricei in a given country in a given year 


around their mean was invariant over time for each country. In view of 
the large number of auction prices in each annual distribution, minor 
change.s in either the sampling distribution or the underlying distribution 
of painting values could account for this negative result. Actually, for the 
price indices in this paper to be unbiased, it is only required that changes 
in the sampling distribution be nonsystematic over time. 


Paintings as Financial Assets 

Paintings are at once consumer durables, yielding a How of nonpecuniary 
viewing services, and capital as.sets, yielding a return from financial 
appreciation. Thus, in a study of this kind, one may cither modify a 
durable-goods model to incorporate positive capital appreciation and a 
special adjustment for risk or adjust a capital-asset model to account for 
nonpecuniary returns. The approaches arc essentially identical, but the 
capital-as.sct model is more convenient because it explicitly accounts for 
risk. 

The starting point used here was the simple form of the capital-asset 
pricing model developed by Sharpe and Lintner.^ According to the ex 
post analogue of this model, known as the “diagonal model” or the 
“market model” (sec Sharpe 1963; Faina 1968), under certain assump¬ 
tions 

— (^^Ml ~ + ^jl 

^ c-ov 

Here Kj, is the random, one-period rate of return on any asset j; is 
the random, one-period rate of return on the market portfolio; R/r, is the 


.See Jensen (1972) for a review of recent ihcorelical and empirical work on tiiis model. 
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exogenously given, one-period rate of return on the risk-free asset; a 
parameter Pj, known as “relative systematic risk,” characterizes each 
asset j-, and ej, is a random error term with a zero mean. Essentially the 
model in this form states that the observed return on any asset, expressed 
as a premium above the risk-free rate of return, is proportional, with a 
stochastic error term, to the asset’s relative systematic risk, where the 
factor of proportionality is the observed premium of the market portfolio’s 
return above the risk-free rate. 

To evaluate the financial behavior of individual assets and portfolios, 
Jensen (1969) developed measures of “perlbrmance” and “efficiency.” 
The performance of an asset is the difference between its observed return 
over a specified time period and the return that could have been expected 
ex ante on the basis of the as.sct’s systematic risk. Adjustment is made for 
observed cH’ects caused by the realized outcome of the unpredictable 
random factor in overall market behavior (known as the “market factor” 
in the market model). Assets are "superior,” "neutral,” or “inferior,” 
according to wliether average performance over lime is greater than, 
equal to, or less than zero. 

The efficiency of an asset is the difference between its observed return 
over a specified time period and the return that could have been expected 
e.x iuite on an alternative, naively constructed portfolio made up by 
combining the market portfolio and the riskless asset in such proportions 
its to achieve the same variance of return or “total risk” as in the original 
asset. y\gain, adjustment is made for the realized outcome of the market 
factor. Efficiency compares observed return with total risk, systematic 
and nonsystemattc; whereas perlitrinance compares observed return with 
systematic risk only. .Assets are “inefficient,” “efficient,” or “super¬ 
efficient,” according to whether average efficiency over time is less than, 
eciual to, 01 greater than zero. 


The 'I'otal Return to Paintings and the Regression T.qualwn 

The overall rale of return to paintings, r^, unadjusted for risk or for in- 
llalion in the general price level, can be divided into two components: a 
return from nominal capital appreciation, R^, and a residual return from 
durable services. A’,, where R^ summarizes the net return from viewing 
services, less insurance and maintenance costs, plus an annualized 
premium to account lor any tax advantages associated with investments 
in paintings, less an annualized premium to account for the illiquidity of 
investments in paintings. The riskiness of holding paintings arises from 
the variability of R^, and R^ over time. However, as argued below, R^ can 
be assumed to be nearly constant, so that O'^(rp) = 0 '^(/^p) and 
cov (fp, Rm) = cov (/?p, Rm). 

The annual cost of fire and theft insurance for art works is typically 
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0.5 percent,^ but no direct estimates could be found for the remaining 
components of R^. The annualized premiums to account for tax advantages 
and illiquidity costs are small, since these benefits and costs arise only 
when paintings change ownership, assumed here to be once each genera¬ 
tion on the average. On an annualized basis, such costs should not amount 
to more than 1 percent, and since tax advantages and illiquidity costs 
appear with opposite signs, the net premium is probably close to zero. 
It seems reasonable to assume that each of these components of R^ Is 
constant over time. 

The return from viewing services can be conveniently thought of in 
terms of the aggregate stock of paintings. This return can be expressed as 
the ratio of the nominal value of the annual viewing services of this stock 
to the nominal value of the stock. The value of the viewing services can 
be assumed to depend on slowly changing variables: the amount and 
distribution of nominal wealth among collectors and any substitution 
between the.se viewing services and all other goods and services. Assuming 
that any change in the valuation of the fixed flow of real viewing services 
leads to a parallel change in the value of the stock of paintings, the ratio 
of these two values will be constant through time. Thus each component 
of R, may be assumed lo be constant over time. It is clear from table 1 
that Rj, can vary widely in jjcrcentage terms. 

An upper-bound estimate of the return from viewing services is pro¬ 
vided by rental rates in the art-rental market. The average annual 
rental charge is about 11 percent of apprai.sed value, when ancillary 
charges for insurance, shipping, hanging, and periodic replacement of 
paintings arc excluded.® The clients of art-rental firms are generally 
corporations which for tax reasons .save by renting rather than buying 
paintings. Since individuals seldom rent paintings under these circum¬ 
stances, 11 percent may thus be taken as an upper bound on the return 
from viewing services. Bccau.se the net value of the other components of 
A', is close to zero, 1 1 percent can also be taken as an approximate upper 
bound on A,. 

Substituting fi'j,, + A, for A^, in equation (3) and adding a constant 
term which incorporates A,, we have 

(Rpt — Rfi) = <x + (Rjn, — Ri,)Pp + ‘’pi 

coy (Rp. Am) W 

Zfn \ 


According lo VVcllcmcycr (1972), only a low firnih carry sprci.d finc-nils [)()lirif*s; 
their rates range from 0.17 percent lo 1.0 pcrc<*nl ol appraised \alue jxt ye.ii. with ihc 
average running around 0.3 peiccnt. 

" Th<’ Ibllowing rental programs were considered: Art Council, Hoslon, Art IVograms, 
Los Angeles; Bo.slon Mu-scum of Art; Liberty Leasing, Chuago; \Vhune> Museum, 
New York. 
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When equation (4) is used as the regression equation, the estimated 
constant term is an unbiased and efTicient estimator of the combined 
effects of — and any superior performance of the asset, assuming that 
the capital-asset pricing model is applicable. The estimated slope co¬ 
efficient is an unbiased and efficient estimator of the relative systematic 
risk of paintings. 


Empirical Remits 

A nurniter of alternative data .sets were available for this study. 

Set R^. Three series of annual rates of appreciation for paintings 
were conijiuted from the U.S. and the two British (dollar- and pound- 
denominated J price series presented in table 1. Annual continuously 
Cf)tnf)oimcle(l rates of return were riefined by = log,. {P,-nlR,), where 
R, is a series from table 1.** 'J'he R^, describes a 1-year period from 
January 31 to January 31. 

Set A’f . "(jovet riment bills, medium-term government bonds, and long¬ 
term government bonds in the United States and Britain were tested as 
risk-free assets, since data de.seribing the yield on government bonds with 
1 year to maturity were unavailable. The annual yields were obtained 
from Internalinrial Financial Statistics on each asset as of January 31, then 
converted into annual continuously compounded rales. 

Set A’jy,.- 1 hree all-stock indices were tested in the position of a general 
market asset.'Only one ofthe.se, the Fisher investment-performance 
incle.s, accounts for dividend returns. The Fisher index ineludes all 
slocks on the New York Stock llxchauge, weighting each according to its 
stock value outsttmding." ;\I,so tested were the Standard and Poor’s 
Index of Corporate Share Prices in the United States and the Financial Times 
Ordinal)’ Share Index of stock prices in Britain, as reported in International 
hinancial Statistics. These indices, which do not cover dividends, are based 
on a number of key securities in each country and weight each security 
equally. In all cases, annual continuously compounded rales of return 
were calculated for the period January 31 to January 31. 

Five regressions were run using medium-term government bonds as 
the riskless asset. Prices of U.S. paintings were regressed on both U.S. 
market indices; prices of U.K. paintings were regressed on the U.K. 
market index. And because of the possibility that the London art market 

U.ung continuously compoundrcl r,urs .ivoids the arbitrary choice of a period length, 
necessaiy when using periodically coiupounded rales. For changes in the price level of 
less than + l.'i percent, the rh.'inge in the log price is very close to the percentage price 
change 

J'he (onditions under which all stock portfolio tan bt* used in place of the market 
portfolio arc discussed in Jensen (1972). 

" I'or years prior to 19(iO, these indices are picsenled and discussed in Fisher (1966). 
Updated indices were obtained from the atitJior. 
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might be governed by U.S. buyers, U.K. art prices were regressed on 
each of the U.S. market indices. 

Only one regression, that relating the price indices for paintings sold 
in the United States and the Fisher index for the New York Stock Ex¬ 
change, had a ft coefficient significant at greater than the 95 percent level. 


In that regression. 




(R, - Rf) = 
SE: 

-0.016 

(0.072) 

+ 0.&2.2{Rp, - Rp); R^ = .242 

(0.343) Durbin-Wat.son statistic 

= 2.18 

/-values (18 df); 

- 0.22 

2.40 


Variable: 

Rp - Rp 

R» - Rf 

(■^) 

Mean: 

0.074 

0.110 


Variance: 

0.095 

0.034 



This regression was the only one involving painting and stock indices for 
the same country and a stock index incorporating dividend returns; 
therefore we arc justified in concentrating on this single regression in the 
following conclusions. The first 10 conclusions below relate to this 
regression. The eleventh conclusion presents the other four regressions. 

1. The (ip is significant at the 97 percent level. This finding supports 
the assumption that there is a relationship between the return on paintings 
and that on the market portfolio. 

2. If the simple formulation of the capital-a.ssct model ran be assumed 
to apply, then the estimated relative systematic risk of paintings, /5j, = 0.82, 
is less than unity, though not significantly so. Therefore paintings arc 
probably a .somewhat conservative investment in comparison with 
equities, with regard to systematic risk. Any simple comparison of average 
returns in the paintings and equities markets would probably handicap 
the paintings, because their lower systematic risk must be taken into 
account. 

3. I'he correlation coeffieient, = .24, indicates that the market 
portfolio accounts for only 24 percent of the variance of the retu n 
premium of paintings. Unbiased measurement errors in the dependent 
variable do not bias the estimates of a and (ip, but they increase the 
variance of the unexplained residuals and bias the estimated fi^ co¬ 
efficient downward. Standard errors of the estimated geometric mean 
painting values from table 1 account for variance in (A’^ — Rp) of .017 
on the average, leaving a variance of 0.078 in the dependent variable, of 
which the market portfolio explains 44 percent. 

4. The estimated annual net return from durable services, is 
— & = 1.6 percent. In comparison, the 10.,5 percent average annual 
appreciation of paintings in the United States between 1946 and 1968 
lends credibility to the assumption that collectors regard paintings as 
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capital assets and that the prices of paintings satisfy conditions in the 
capital market regardless of whatever conditions they also satisfy in the 
durable-goods market. 

However, because the estimate of the constant term has a large standard 
error, the results are consistent at the 95 percent confidence level, with 
the net yield from durable services being valued anywhere from about 
— 13 percent to -)-15 percent per annum. Specifically, the results are 
consistent with the viewing services being valued at 11 percent per 
annum, the upper-bound figure estimated from picture-rental rates; or 
at 0.0 percent, a lower-btjund figure appropriate if collectors were in- 
tcrcst(;d exclusively in financial return. 

5. The performance of paintings, A ((ip), is measured by & + R^. 

Using the uj)per-bound estimate of R^ leads to an upper-bound estimate 

of superior performance of about 9.'1 percent per annum (—0.016 -|- 
0.1 1 = 0,094). In contrast, to the speculative investor not at all interested 
in viewing pleasure, performance is inferior by about 1.6 percent 
( — 0 016 4- 0.00 = —O.OIG). In general, to any investor, estimated 
performance is superior (inferior) by the amount that the net value of 
durable services exceeds (falls short of) 1.6 percent per year. 

6. 'I'lie clficiency of paintings, £(yp), is related to their performance 
as l(:)llows : ‘ ^ 

F{y„) = - \/i{R„) - R,\ - pi (6) 

Taking as an estimate of \/'-{Rm) — /fj-l the 1946-68 average annual 

premium of the return on the market portfolio above the medium-term 
government-bond rate and using the estimates of (T(Ap), a(Rn,), and 
given in e(|ualion (5), one estimates the efficiency of paintings to be 
9.9 percent less than their performance. 'Thus only if nonpccuniary 
viewing pleasure were valued above 11.5 percent per annum (9.9 -f 
1.6 = 11.5), as the rental market indicates it generally is not, would 
paintings be estimated to be an efficient investment. 

7. The Durbin-Wat.son statistic of 2.18, compared with a d„ of 1.41 and 
(if of 1.20 at the 5 percent level of significance, indicates nonsignificant 
negative atitocorrelation of residuals. So the model is well specified with 
regard to this factor. 

8. The regression results are in.sensitivc to the choice of the risk-free 
asset. When the regression was rerun using treasury-bill rates and then 
long-term (10-year) government-bond rat(S, all estimated statistics were 
very close to those in equation (5). So the use of 3-year rather than 1-year 
bonds as the riskless asset introdticcs no important bias. 

The relationship between performance and efficiency is developed and discussed in 
Jensen (1969, pp. 200-202). 
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9. To test whether the behavior of the paintings market was stationary 
over time, the regression was rerun for the first and second halves of the 
sample period. To check for hetcrosccdasticity, the residual sums of 
squares of the two regressions were compared using an /'’-test and found 
not to differ significantly at the 5 percent level. The required F-ratio, 
F(8, 8) = 3.35, lies below 3.44, the upper 5 percent point of the F(8, 8) 
distribution. Under the assumption of homoscedasticity, an F-test was 
used to test for equality between the two halves of the sample period for 
the intercept and slope parameters in the underlying relations. The 
required F-ratio is F(16, 2) = 1.80, which is well below 4.42, the upper 
20 percent point of the F(16, 2) distribution. If one assumes the joint 
hypothesis that the variance of the error terms and the intercept and 
slope parameters were the same for the two halves of the sample period, 
the probability of obtaining F-statistics as large as F(8, 8) = 3.35 and 
F(16, 2) = 1.80 is greater than |l - (I - 0.05)(1 - 0.20)] = 0.24. 
The two sample halves are not significantly different even at the 24 
percent level. This finding is partly a result of the fact that neither the 
overall relation for the entire sample period nor the individual relations 
for the two sample halves fit very well. 

10. To verify that the results do not depend on the arbitrary length of 
the time period used in the analysis, a regression was run using 2-year 
rates of return. The annual basis for the art-price indices, of course, 
prevented testing the model for periods shorter than a year. Because the 
number of observations is reduced to 10, the standard errors obtained are 
relatively large. The results were consistent with the assumption that the 
length of the period used for regression may be chosen arbitrarily, but 
they are not a strong confirmation of that assumption. 

11. The other four regressions, relating the alternative series for 
painting prices and market returns, failed to show any significant re¬ 
lationships. The results are given in table 2. Replacing the Fisher index 
by the U.S. share-price index to explain U.S. painting prices decreased 
the confidence level at which the slope coefficient was significant from 
more than 97 percent to less than 90 percent and reduced the from 
.24 to .14. The estimated fi coefficient increased to more than unity, but 
this can be explained at least partly by the neglect of dividend returns in 
the U.S. share-price index. The estimated constant term reversed sign 
but remained highly nonsignificant. In the regression relating British 
painting prices and British share prices, the slope coefficient was non¬ 
significant at the 70 percent confidence level. In two regressions relating 
British painting prices to U.S. stock-market indices, the slope coefficients 
were nonsignificant at the 40 percent confidence level. 

Industrial share prices, if dividend returns are ignored, do not signifi¬ 
cantly explain auction prices in either the United States or the United 
Kingdom. This conclusion has particular reference to other studies of the 
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TABLE 2 

Regression Parameters for Nonsignificant Relationships between 
Paintings and Market Assets 


Definition of Variables 



Paintings 

(^r) 

Market 

Portfolio 

(■««) 

Riskless 

Asset 

Ff 

Regression Parameters 

Regression 

a 

SE(a) 

fi 

SE(^) 


I. 

Index of $ 
prices of 
paintings 
auctioned 
in U.S.* 

Standard 
and Poor*s 
Index (U.S.) 

Yield on 
3-year U.S. 
governnienl 
bonds 

.013 

.074 

1.01 

.594 

.14 

11.. .. 

Index of £ 
prices of 
paintings 
auctioned 
in U.K.* 

Financial 

Times 

Index 

(U.K.) 

Yield on 
5-year U.K. 
government 
bonds 

.799 

.041 

.311 

.305 

.06 

HI. 

Index of$ 
prices ol 
paintings 
auctioned 
in U.K.^ 

Fisher 

index 

(U.S.) 

Yield on 
3-year U.S. 
government 
bonds 

.072 

.052 

.089 

.2,59 

.01 

IV. 

Index of $ 
prices of 
paintings 
auctioned 
in U.K.* 

Standard 
and Poor’s 
Index 
(U.S.) 

Yield on 
3-ycar U.S. 
government 
bonds 

,072 

.046 

.143 

.291 

.01 


* ('.nilipul* <1 fioni t.thir I 


art market (Rusli 1961; Keen 1971) which have informally compared 
painting prices with share prices. By ignoring dividend returns, such 
comparisons produce misleading conclusions, overestimating the return 
to paintings relative to the return to equities. 

I'he weak relation between London auction prices and London share 
prices also reflects the fact that many non-British buyers patronize the 
London art market and the British stock market does not influence their 
demand. 'I’he weak relations between British auction prices and the indices 
for the U.S. stock market suggest that American buyers do not dominate 
the London art market. Many non-British buyers are also non-U.S. 
buyers. 


Conclusion 

According to estimates based on U.S. markets, paintings appear to be a 
fairly ordinary asset, considered simply as an asset. To the investor 
primarily interested in financial gain and valuing the return from viewing 
pleasure at only about 1.6 percent per year, paintings are no more or less 
attractive than other assets. They yield the going rate for their systematic 
risk. Contrary to a misbelief that lures some collectors, investment in 
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paintings is not particularly lucrative. The expected appreciation from 
such an investment is only 73 percent of the return,' ^ including capital 
gains, in the equities market. And contrary to another misbelief, the 
values of paintings are not secure during times of economic recession, 
being subject to the same ups and downs as the stock market. In addition, 
the return to paintings contains a substantial element of nonsystematic 
risk, a factor that should persuade collectors to keep most of their wealth 
in other forms. Any superior performance derivable from paintings can be 
attributed entirely to the viewing pleasure they provide, not capturable 
by speculators. 
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An empirical study applying the theory of scale economies and inter¬ 
product complementarity. Several recently formulated concepts of the 
theory of scale economics are examined with the aid of estimates of cost 
funclions, using data for publishers of scientific journals. In one case the 
observations ate shown to fall near the outer limits of the range of 
declining costs, implying that neither amalgamation nor breakup of 
firms will reduce total cost. In another case the observations fall well 
within the subaddittvc range, implying that amalgamation can provide 
savings. The study confirms the applicability of the new theory of scale 
economics. 


Recently, one of the authors of this paper has shown that in the multi- 
product indtistrics which populate the real world empirical study of 
phenomena related to scale economies runs into complications which seem 
not to have been recogni/.etl bcl'ore. Spccilically, if one wishes to show that 
it is cheaper for industry output to be produced by one firm than by two 
or more firms (the concept of subadditivity of the cost function), it is 
generally not cnouglt to estimate the cost function in the ncigltborliood of 
current output levels. We will show here, however, that this and other 

The work reported here was supported by iho Division of Science Informaiioii of the 
National Science Foundation. \\V are most grateful to Kent Bjornslad for carrying out 
the calculations with dedication and skill. Very helpful comments were also made by 
Dietrich I'ischer, M. I. Nadiri, and an anonyinou.s referee. Last, but by no means least, 
we must thank Arthur Roscnzweig for saving us from making a rather serious error and 
Richard E. (.Quandt for help in choosing an appiopriatc test of significance for the 
parameter estimates in our nonlinear relationships. 
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problems besetting ernpirical work in the area can be overcome. Using 
data on the cost of publication of scientific journals, we will show how these 
issues can be analyzed effectively. 

Specifically, the problem is that, as is always true in reality (though not 
in the textbooks), wc are dealing here with a multiproduct industry. Most 
fif the usual scale-economics concepts do not apply to the multiproduct 
case without considerable amendment. Moreover, there seem to have been 
no previous statistical tests of the presence or absence of these multiproduct 
properties. I'his paper summarizes the results of work presented elsewhere 
in detail (see Baurnol 1977 and Panzar and Willig 1977) describing the 
basic inulliproduct attributes needed to generalize the concept of scale 
economies; we then report results of some empirical studies investigating 
the costs of producing a number of scientific journals which seem to con¬ 
firm the presence of all of the generalized scalc-cconomics properties, at 
least lor the range of output levels for which data were available.' 

I. Multiproduct Attributes Related to Scale Economies 

To make it possible to follow otir empirical analysis it is necessary to 
describe three rather technical concepts which are discussed in detail 
elsewliere (Raurnol 1977): 

Defmilum I. -A rosl function is said to be .\ubaddilive if (with given input 
prices; one linn can produce a given output vector, y*, more cheaply than 
it can be produced by any combination of m > two firms, each of them 
witli tlic same cost function, f/(.l’)- More formally, any (?(_)>) is sub- 
additive at the output vector r* if for all sets of output vectors y such that 
52 v' = y*, ’^('■{y') > C{y*). Subadditivity is obviously the basic 
(Titerion which must be satisfied if cost savings are to be achieved by 
combining firms (publishers) 

Dcjiintinn 2. Declining ray average co.d. -While we cannot define average 
costs for a nudtiproduct firm since wc cannot construct an unambiguous 
index of output for a .set of beicrogeneou.s protliicts, we can determine how 
costs relate to output scale when outputs increase proportionately (i.c., 
as wc move away Ifom the origin along any ray in output space). More 
formally, for the ray through some given output,y, which we arbitrarily 
set equal to unity, we can define ray average cost as RAC = C{ky')jk. 
J'hen wc have the following criterion of declining ray average cost along 
the ray tlirough y': RAC is strictly declining if C(ky')/k > C{vy')lv for 
V > k. 

Declining ray average cost clearly corresponds to one variant of what 
wc frequently mean by scale economies in the single-product case. How¬ 
ever, it does not get us everything we require for a multiproduct analysis 


‘ rVir earlier estimates of scale rcononnrs in journal production sec Berg (1970, 
chap. 2). 
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where it is not enough to know only whether it is cheaper (in terms of 
cost per unit) to produce more of a given product or of a given bundle of 
products in fixed proportions. It is also essential to determine whether it 
is more economical to produce several products (several different journals) 
together. Obviously, it will do two publishers no good to combine if ray 
average costs arc declining but there is no saving in the simultaneous 
production of the journals of each publisher (when there is no expansion 
in the number of copies of ear/i journal supplied). 

Accordingly, we have the following concept which is designed to cap¬ 
ture this sort of interproduct complementarity: 

Definition 3. Trans-ray convexity .—If at a point, 91 , in output space there 
exists at least one negatively sloping (trans-ray) cross section such that 
costs arc no higher toward the interior of the cross section than they are 
toward its edges (it is cheaper to produce mixtures of outputs than to pro¬ 
duce outputs entirely or nearly in isolation), we say the cost function is 
trans-ray convex a.ty. More formally, a cost function C(y} is trans-ray 
convex aty if for the output vector _)> = y„) there exists any set of 

positive constants (product “prices”) te,, . . . , it>„, such that for every two 
output vectors / = (^u. • • ■. A«). / = ( 7 i 6 > • • • > As) satisfying 

Z = Z “'iAs = Z we have C[*/ -I- (1 - k)/] < kC[f) + 

(1 — A)C(/) for any k,Q > k > 1. 

Unfortunately, there is no way we can determine from information in 
the neighborhood of output vector_y* alone whether cost is subaddilivc at 
y*. The reason is straightforward. Subadditivity means that given an 
industry output vector v* initially produced by a single firm, it must never 
be cheaper to break off any small (or large) output vector tsy* and to 
produce A^* by itself That is, it must never be cheaper to go from a single 
producer turning out_)'* to two producers turning out j;* — Av* and hy*, 
respectively. But to test for this we must know C[y*), C{y* — Ay*), and 
C[Ay*) for all A/ < y*, including Ay* very small (i.c., very near the 
origin). Thus, the empirical investigator who is testing for subadditivity 
is faced with the difficult task of finding the shape of the cost function in 
the region of the origin, for which no data may be available. 

Some help in this task may be obtained from 

Proposition 1 .—For any given y*, strictly declining RAC for y < y* 
together with (nonstrict) trans-ray convexity along any one cross section 
through y* are sufficient for subadditivity at y* (for proof sec Baumol 
1977). 

With these materials we can proceed directly to our empirical results. 


II. An Estimate of Economies of Scope in Journal Production 

Using cost and output data from a sample of nonprofit journal publishers 
(e.g., professional societies and university presses), we were able to test 
directly for the presence of economies of scope in journal publication. 
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(Following Panzar and Willig [1977], economies of scope are said to 
exist when it is cheaper to produce the outputs in combination rather than 
separately.) These data came from publishers whose numbers of journals 
ranged from one to 36 in a variety of disciplines. We have figures for three 
years, 1969, 1971, and 1973.^ Fifty-six journals provided the necessary 
data and therefore comprised our sample. 

The cost functions estimated from this sample did turn out to exhibit 
economies of scope. 7’his was true both of additive and multiplicative forms 
of the cost functions. In each case costs increased more slowly with in¬ 
creases in circulation than with increases in pages, and in both cases costs 
per journal declined as the number of journals per publisher increased. 
The estimated equations are^ 

TC = -3.44 -I- 2.81/).r + 0..5846'' 0.969P - 0.15.V 

(-4.6.’)) (3.11) (11.16) (20.19) (-4.68) ^ ^ 

= .8240, F = 190.75, N = 168; 
log TC = -0.735 + 0.171/).r + 0.588 log C 
(-8.29) (2.3,5) (15.96) 

4- 0.793 log P - 0.062 log J 
(1.5.96) (-2.52) 

= .8524, F = 235.41, N = 168; 

where = total cost per journal (in $10,000s); C = circulation (in 
1,000s); P — pages (in 100s); J = number of journals published by 
this publisher, and Ds = 1.0 if the journal is .scientific or technical, 0.0 if 
th<' journal is not scientific or technical. 

I'he logarithmic form (e<). [2|) provides direct information about the 
magnitiKlc of the economics of scope. For the same number of pages and 
the same circulation and field, the costs per journal of a publisher with 36 
journals were 80 percent of tho.se of a publisher who only published one 
journal (i.e., 36“'”'’^ = 0.8008). 

III. Subadditivity and Interproduct Complementarity in 
Journal Supply 

(lur next step was to design a specification for a cost function that would 
enable us to measure directly the magnitude of interproduct comple¬ 
mentarity but would not prejudge the existence of such com piemen- 

^ The data sources arc flcscribcd m Appendix A. 

^ The regression jjrogram used an error-components model to pool the cross-section 
and time-senes data. This procedure assumes that the error term consists oiThree inde¬ 
pendent, random components—one from the cross sections, one from the lime series, 
and an overall component variable in both. The data here satisfied these assumptions as 
well as requirements of having the components independent of the other variables. Also, 
more complex deflators did not perform as well as the dummy variables used in the first 
iteration. The ^statistics shown below each coefficient and the other summary statistics 
are not exact in the finite-sample case (see Wallace and Hussain 1969). 
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TC = bo + b^\\ + b^Y2 + (3) 

where TC is the total cost of the firm and 1’, and I'j are two outputs or 
classes of outputs. Depending on the estimated values of the coefficients, 
bf, “average” costs may increase or decline along any ray from the origin. 
Similarly, the trans-ray properties of the function depend upon the esti¬ 
mates of 63 . By construction of (3), the marginal cost of either output is 
constant for all levels ol'that output. To test for declining ray average cost, 
we note that along any ray Tj = vY,, v > 0 so that (3) becomes TC = 
l>o + + '^l> 2 )Yi -h vbjYi; average cost is Aq/I’, -f (A, -h t'Aj) - 1 - 

vb^Y^, which is strictly declining if A,, turns out to be positive, and A 3 is 
negative. The condition (i'^TC)l{<>Y,dY 2 ) = A, < 0 is necessary and 
sufficient for the presence of trans-ray convexity since along a (negatively 
sloping) linear cross section we must have Kj = — u'}', + k, w > 0.* 
When substituted into (3) this gives us TC = b^, + kb 2 -f (A, — tcAj -h 
kb 2 )Yi — wb^Yi whose second derivative is —livb^, which is positive if 
and only if A 3 <0. Therefore, by proposition I the two conditions 
Aj < 0 and A^ > 0 are sufficient for subadditivity if (3) is an adequate 
representation of the cost function for all points closer to the origin than 
those actually observed. 

A journal publisher who is engaged in the publication both of Journals 
containing original material and journals containing translations of works 
first published in another language provided our next set of data. This set 
was particularly interesting as the dependent variable is the annual pub¬ 
lishing expenses of the firm—no artificial allocation of costs among the 
journals was involved. However, we experienced two types of problems 
in our attempts to estimate the coefficients of cost functions of the type in 
equation (3). First, we had only 9 years of data, causing a shortage of 
degrees of freedom. This and the correlation between the cross-product 
term and the F, and Y 2 resulted in low statistical significance. Second, we 
had difficulty in characterizing the outputs. We used circulation, pages, 
or impressions (pages x circulation) as explanatory variables, but could 
not use them in combination because of the shortage of degrees of freedom. 
The most promising regression result was 

TC = -17.7 + 6.93P, + I 3 .IT 2 - 4.50/^i/>2 

(0.27) (0.24) (0.34) (0.27) ^ ^ 

= .5174, F = 1.787, A = 9. 

Obviously, the low significance prohibits the drawing of any conclusions 
from equation (4). 


‘Note that the condition [B^TCIdVtdYj) = *3 < 0 is also often interpreted as the 
condition of interproduct complementarity. 
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In an effort to improve the level of statistical significance of the regres¬ 
sions and to capture more fully the economics of the publishing process, 
we undertook two further steps. First, we designed a scalar measure of the 
outputs of the journal publishing process,* and second, we generalized our 
cost function. This more general cost function takes the form 


Tc = + b^{s,s^y 


( 5 ) 


where .Sj and are the scalar repre.sentations of the outputs and the b, 
and y are parameters whose values were to be estimated. 

Relationship (.")), as we will sec, turns out to be far richer than (3) both 
as an instrument for empirical estimation and as a basis for the design 
of practical policy. That is because (.3) may or may not exhibit monotonic 
behavior of the ray average costs. Depending on the value.s of the param¬ 
eters derived from the data, the ray average cost curves may (or may not) 
turn out to be U-shaped. If they arc, there will be a locus of points of 
minimum ray average costs, one such point lying on cacti ray in output 
space. That locus will, in general, determine whether co.sts can be saved 
by amalgamalion of some firms, whether they can be saved by subdividing 
some large firms into smaller ones, or whether neither of these steps is 
called for. 

However, funcdonal form (3) introduces several complications. The first 
is the nonlinc.ir nature of the cross-product term which requires the use 
of an appropriate nonlinear estimation technique.*’ The second is the fact 
that the criterion of declining ray average costs no longer depends solely 
on the signs of 4(, and h^ alone. There are now two cases. In case 1, where 
1 > y > ^j'i, ray average costs must decline if b^ > 0 and b^ < 0 as 
before. Htit incase 2, where 1/2 > y > 0, ray average co.sts will decline if 
and only if 


( 2 ? 


_ 

- l)Aj_ 


> .v,.v. 


( 6 ) 


I’lius, llic boundary of tin; region of declining ray average costs, whicli is 
obtained by replacing the > in (6) by an equals sign, is clearly a rec¬ 
tangular hyperbola in S 2 space. 


^ I’ho tlrrivaiioii of t)i< sr scalais is described in Appendix B. 

* VVe eiiiplfiyed the nonlinear least-squares (bSO) procedure of the Harvard University 
\ ersion of rirnes-senes Processor ( r'SP). 

^ Proof-. We have TC =60 + + b^{S^S 2 y where 1 > y > 0. To test 

for th<' behavior of ro.st along a ray, set = vSi. Then TC = b^Sx + ^'^ 2*^1 + 

AC ^ bx + vb^ + b^jSx + and dACfdSx = -6n/5? + {2y - l)y^ x 

b^Sx''~ It IS clear that il I > 7 ^ I/2» the preceding derivative must 

be negative, i.e., ray average cost.s must decline everywhere. However, If iiQ > 0, />3 < 0, 
1/2 > )' > 0, then = -bolS\ + ( 2 >- - < Oii b^ > {2y - l)i;^ x 

b^Sy, or [bol{2y - > 5 ,^ 2 - 
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It follows from proposition 1 that if io > 0, A, < 0, 0 < y < 1/2, then 
the region of subadditivity must include all combinations of .9,, S 2 that 
satisfy (6). However, since the requirements of proposition 1 are sufficient 
but not necessary for subadditivity, the region of subadditivity may extend 
beyond this. We can, however, prove that the outer bound of the region of 
subadditivity must lie in the region [b(,/{2y — l/ijJ'^'’ ^ 6 ',.92 ^ 
4[*o/(2v - l)i,]'^''.« 

All of this means that in the case hg > 0, < 0, 0 < y < 1/2 there is 

a range of outputs within which savings can be achieved by amalgamation 
of firms, but, that once amalgamation moves the firm beyond the region 
of .subadditivity, as indicated by the preceding inequalities, the process of 
concentration can add to total costs rather than decrease them. 

In (5) the conditions 63 < 0 and 1 > y > 0 are sufficient for trans-ray 
convexity since along a linear cross section, S 2 = —wS^ -1- k, the only 
nonlinear term in (5) becomes h^{kS, — rtvS'?)'’, whose second derivative 
is (y2 - - wS^y~\k - 2;c9,)^ - 2wybykS\ - > 0 

ifAj < 0, I > y > 0. Using the same data as before to obtain parameter 
values for (.')) wc obtained the eost function 

TC = 582.8 + 2.389, -h 8.009, - 345.7(9,92)° '^ 

(2.88) (2.73) (2.82) (-2.84) (7) 

7?^ = .8012, F = 6.72, N = ’) 

where T(' = annual costs (in $ millions). 

The estimation procedure was sensitive to the choice of initial values. 
The /-statistics (shown in parenthc.ses below the coefficients) are approx¬ 
imate. Sinec both the coefficient and exponent of the cross-product term 
(Aj and y, respectively) are important for the existence of trans-ray con¬ 
vexity, a likelihood ratio test (following Goldfcid and Quandt 1972) was 
utilized to test the hypothesis that Aj or y or both equal zero.’ 

Let 7. be the likelihood ratio 

p _ 7.(9 I Aq, a,. A;) 

7,(9 1 Ao, A,, ^2, ^3, y) 

where the H and f are obtained from equation (6) and the A arc from the 
(conditional) least-squares equation without the cross-product term. 
Therefore, if SSR is the sum of .squares of the residuals from equation (6) 
and SSR,. is the sum of .squares of the residuals from the conditional 
regression, we have 

— 2 log 7. = ri log {SSRJn) — n log (SSR/n). (9) 

® For proof, see Baumol and F'isher, in press. The argument, itituilively, is that any Si, 
S 2 which equals — 1)6.,]'''’ lies on the point of minimum ray average cost along 

the ray through that point. Hence, any firm produeing at least 25|, 2^2 can be replaced 
by two smaller firms with some saving in total cost. 

» Goldfeld and Quandt 1972, pp. 72-74. 
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Although the low number of observations causes concern, under the ap¬ 
propriate assumptions —2 log A follows a distribution with 2 df. 

For equation (7), —2 log X = 8.65, and we can reject the hypothesis 
that A 3 and/or y equal zero at the 95 percent significance level.*® This 
provides a confirmation of the presence of trans-ray convexity. To test for 
the presence of declining ray average costs we use inequality (6). Substi¬ 
tuting in the. estimated values of b^, b^, and y, wc obtain 

{582.8/1(2 X 0.13) - l][-345.7]}'/® '^ = 563.2 (approx.) > S^S^, 

that is, ray average costs will decline for all values of $2 which lie 
between tlie origin and the rectangular hyperbola iS'i.S '2 = 563.2. 

In fact the observation.s in the catie we are now considering all lay very 
close to the locus of points of minimum ray average costs, 563.2 = 
corre.sponding to (6). That is, it is the locus of points, along each ray in 
output space, at which the U-shaped cross section of our cost surface (7) 
reaches its minimum. Specifically, two-thirds of our observations lie just 
inside that locus, in the direction of the origin, and the remaining points 
lie just outside that locus. 

We know by trans-ray convexity that all points between the locus of 
miniinutn RAC! and the origin lie in the region of subadditivity, and, by 
continuity, this is probably true for points just outside that locus. Thus, 
lor firms of the size in our range of observations it seems very likely that 
no .savings can be achieved by subdivision into smaller enterprises. But 
will it pay to amalgamate two such firms.-’ .Almost certainly not, for if 
two such firms combine their output vector will lie well outside the locus 
of minimum ray average cost and therefore beyond the known region 
of subadditivity. Wc can only be sure that it pays to amalgamate two 
linns if their out|Uit vectors both lie much closer to the origin, indeed 
inside a curve half .as far from the origin as the locus of minimum ray 
average costs, because only then ean the vector sum of these two output 
points be guaranteed to lie inside the region snbadditivity. 

We conclude that, whatever the reasons, the firm observed in this 
analysis seems to have grown to a size that is roughly consistent with 
cost elliciency. 


IV. Complementarity between Publication and 
Membership Activities 

We have already noted that it is important for a test of subadditivity 
that the estimated values of the parameters be valid near the origin. In 
the analysis of the preceding section the observed values of the independent 

A maximum-likelihood approach can also be employed to test the significance of 
all of the estimated parameters (ibid., pp. 68-72). 
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variables unfortunately encompassed a limited range in output space; 
iSj varied between 36 and 46 while varied from 11 to 14. We therefore 
turn, next, to a case in which the observed values of the variables occupied 
a wider range of values. 

For many scholarly and professional societies, publishing constitutes 
a major part of their overall activity. We obtained data from an organiza¬ 
tion which has affiliated with it a large number of societies, each of which 
publishes a journal as well as providing other services and activities for 
its members. The data covered 14 years of operation for 25 of the affiliated 
societies. Using these data and a specification similar to equation (5), 
we estimated a cost function that would permit us to detect subadditivity 
if it were present. 

The estimated function is 

TC = 153.4 + 1.86.1/ 4- 0.680/* - 13.17(A//-’)° ‘ 

(6.63) (20.14) (12.72) (-7.81) (10) 

= .7937, F = 443.8, N = 3.50 

where TC = annual society costs (in $ 10,000s), /’ = pages (in 100s) and 
M = membership (in 1,000s). The likelihood ratio, calculated in the 
same manner as before, gives —2 log A -- 59.38, and we can again reject 
the hypothesis that the cross-product term is not significant. 

Here the data are all within the boundary delimited by (6), which in 
this case takes the form 8^82 < 4-28 x 10*'! Since the maximal value 
of 5,5'2 in the observed data is 540, all our tests of the presence of trans- 
ray convexity and subadditivity are satisfied within the range of outputs 
considered, if the relationshifi (10) holds up to the origin. This time the 
range of the observations was much greater than in our previous cal- 
etdation. The number of pages varied from 20 to 3,000 per year and 
membership ranged from 600 to 18,000, giving us observations that can 
be considered to fall very close to the axes and the origin. 

In this case we seem to be able to draw the conclusion that the organiza¬ 
tions represented would, at least in many cases, benefit from amalgama¬ 
tion since the zone of subadditivity extends throughout the region about 
which we have information. However, we are less certain ol the implica¬ 
tions of this cost function bccau.se there is necessarily a high correlation 
between membership and circulation and because we were forced to use 
number of pages alone to measure the publishing activity ol the societies. 

V. Concluding Comment 

The preceding results show that the special concepts needed to deal on a 
theoretical level with scale economies phenomena in multiproduct firms 
and industries are also amenable to empirical investigation. Specifically, 
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despite its nonlocal character, it seems to be possible to draw some in¬ 
ferences about the presence or absence of subadditivity. Of course, much 
more work will still have to be done on the testing of that fundamental 
concept. But we feel that for a first venture into this area our study has 
produced fairly strong conclusions and fairly strong evidence of the 
tractability of the subject. 

On an applied level the analysis .seems to show clearly that these 
phenomena arc all present in the case of journal publication. They suggest 
that at current scales of operations and numbers of journals, savings are 
sometimes achievable through amalgamation of publishers. Given the 
financial pressures that beset them, that may provide an important 
contribution toward the alleviation of their problems. Of course, amalga¬ 
mation need not be the only way in which such savings can be achieved — 
ibr c.Kample, one publisher may achieve them by expanding into the 
publication of a number of new journals and, with his reduced costs, 
run the otlier publishers out of business, provided of course that these new 
journals matched the specialization and qtiality of the old ones with 
which they compete. 

But this is all conjecture. Data for other publishers may turn out to 
indicant that the subadditivity results do not hold throughout the industry, 
riie evident e suggests, moreover, that they hold only for a fairly limited 
range of outputs. Indeed, it wottld hardly seem plasuiblc that journal 
publication is a hitherto tmdiscovered natural monopoly. 

In short, we claim merely to have indicated the workability of an 
eniptrical investigation of the issue of subadditivity which must underlie 
any systematic analysis of the cost elfectivcness of the organization of an 
indttslry. 


Appendix A 

Data Sources 

Egiiation\ (7) arul (2) 

The data for these estimations came from a survey conducted by B. Fry of non¬ 
profit publishers of .scientific journals (see Fry and White 1975). The data were 
sujiplicd to us with I he identities of the publishers removed, making it impossible 
to know the nature and degree of hidden subsidies (e.g., donated editors’ time or 
space) or the effects of diffeieiit accounting practices, etc. 

Equations {3)-(I0) 

The data for these estimations were collected from two professional societies with 
the assistance of F. Machlup ct al. Here, every effort was made to include all 
relevant costs. However, the true values of the editors’ contributions of time and 
effort were either understated or omitted entirely. 
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Scalar Measures of Publication Output 

It is obvious from the preceding discussion that it is very useful to have a scalar 
index that describes effectively the output of the journal publishing process. In 
addition to number of pages published (and measures correlated with number of 
pages, such as words, articles, etc.) and circulation (or press run), one possibility 
that has often been suggested as a scalar output measure is impressions—pages x 
circulation. The logic underlying this choice is that the number of impressions is 
the number of limes the “press hits the page’* (or its modern technological 
equivalent). 

We have statistics to measure the adequacy of these candidate indices. I’ables 
B1 and B2 present the coefTicicnts of determination obtained from a simple 
regression of cost on each of these indices. The results both for a linear specification 
(TC = a + bX) and for a muhiplicative specification (TC = aX^) are 
presented.^ ^ 

The usefulness of a composite variable such as impressions can also be measured 
in another way. The use of number of impressions in a simple multiplicative 
regression is equivalent to restricting the exponents of pages and circulation to 
equal values in a multiple regression with the form T(' = alm^ = if 

TABLE BI 


Fraction of Variation in Output {li^) Accounted For< uy Single Explanatory 
Variables (Linear Specification) 


Variable 


Data Set 


Fry 

.Sample 
{N = fiU) 

Fry 

Muhijournal 
Publ. Sample 

{N = 84) 

Publisher 1 
(N = 54) 

Publisher 2 
(N = 90) 

Pages. 

.09 

.78 

% 

.89 

Circulation... . 

.27 

.22 

.15 

.64 

Impressions .. .. 

.81 

.75 

.95 

.91 

Scalar. 

.89 

.91 

.97 

.90 


TABLE B2 

Fraction of Variation in Output {R^) Accovnied for by Sinoi.e Explanatory 
Variables (Multiplicative .Specification) 


Data Sf.t 


Fry 

Fry Multijournal 

Sample Publ. Sample Publisher 1 Publisher 2 

Variable {N r= 5fi) {N = 84) {N = 54) {N — 00) 


Pages.00 .65 .01 .91 

Circulation. .59 .51 .30 .77 

Impressions. .84 .84 .97 .94 

Scalar.85 ,86 .98 .94 


* * As is common practice, the multiplicative specifications were rslimated by a linear 
regression after taking logarithms of both sides. 
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TABLE B3 


Tests for Equality of Exponents of Paces and Circulation Variables 


Data Set {N) 

A, (Pages) 

bi (Circulation) 

t (Calculated 
Test Statistic) 

Fry. 

.814 

.559 

3..59 

(168) 

(.0474) 

(.9367) 


Fry (multijournal publ.) . . . 

.825 

.534 

3,28 

(84) 

(.0587) 

(.0490) 


Publisher I. 

.718 

.472 

6.07 

(.54) 

(.0162) 

(.0326) 


Puhlishei 2 . 

.7,52 

.494 

2.19* 

(90) 

(.0482) 

(.0751) 



Norr —Stanilard errors arc below each exponent in parentheses. The nunihers under the data sets are the 
satnpir sixes. 

• ('annot reject hypothesis of equality at 99'*o level 


/m = P ■ C and A = Aj = A^. We can then use the estimates of A, and A 2 from 
the multiple regressions to test for their equality,^^ d'hese values and the results 
of the tests aie reported in table B3. 

I'hesc results turn out to have rather interesting features. We can reject the 
hypothesis of equality of the exponents in all four of the cases at the 95 percent 
significance level and in three of the cases at the 99 percent level. Even with the 
limited lange of the ratio of the two exponents (from 1.45 to 1.55), there is an 
indication that a scalar of the form .S' = with A] > A 2 may account for a 

greater portion of the variation in costs than number of pages, circulation, or 
impressions. The proportions of the variation accounted for by each of these 
indices are shown in tables 1 and '2. The scalar S was, consequently, the index used 
in Section III. 
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The IS-LM Model of Macroeconomic 
Equilibrium and the Monetarist 
Controversy 


Neil Bruce 

Queeri^s University 


This paper highlighls the issue of whclher govcrnmem bonds are net 
wealth as an important one in the monetarist controversy. In particular 
it is shown that the standard IS-LM model and its conclusions arise as 
a special case of a more general macroeconomic model wliich results 
when government bonds arc fully perceived as collective wealth. When, 
however, the tax liabilities required to service thai debt are fully 
capitalized, a model with monetarist conclusions emerges. 


The resolution of theoretical ctilferenccs between monetarists and income 
expenditure theorists ‘ has long been impeded by the lack of a common 
theoretical framework. Recently, however, some leading monctarisis have 
shown an increased willingness to expre.ss their ideas in terms of the 
IS-LM model of macroeconomic equilibrium which is central to the 
income expenditure view.^ But unlike income expenditure theorists, 
monetarists have refused to conclude that the crucial issues in determining 
the relative ell'ectivencss of monetary and fiscal policy relate to the slopes 
of the IS and LM curves. ^ In this paper it will be argued that the IS-LM 


1 am indebted to R. Boadwuy, J. Frenkel, R, Lipsey, L. Faquin, D. Pur\'is, G. R. 
Sparks and an anonymous referee Ibr numenms comments, crilicisms. suggestions, and 
corrections on earlier drafts. I remain responsible for any remaining errors and omissions. 

‘ By income expenditure theorists I mean the self-professed “eclectics” who accept the 
conclusions regarding macroeconomic policy which follow from the textbook IS-LM 
analysis. 

^ For example, Milton Friedman has declared the IS-LM equations “accepted alike 
by adherents of the quantity theory and of (he income expenditure theory” (1971, p. 31). 
It should be noted, however, that he precedes this statement with a wat ning that algebraic 
equations can conceal "fundamental diflerenccs.** See further discussion in Tobin (1972) 
and Friedman (1972). 

^ This refusal has resulted in an article by Blinder and Solow (1973) who attempt to 
resolve monetarist income expenditure theory differences in terms of a “third level” of 
crowding out resulting from wealth arguments in the portfolio balance and saving 
functions. I have abstracted from these direct wealth effects so as to clarify the central 
argument of this paper. 

[Journal of PoUUcat Economy, 1977, vol 85, no. .5] 
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model is deficient from a monetarist point of view in that it fails to fully 
include the flow supply of newly issued money in its flow equilibrium 
conditions. An examination of the circumstances under which such an 
omission is valid reveals that the question of whether or not interest 
bearing government debt is perceived as collective net wealth by the 
private sector may be an important one in the monetarist controversy. In 
particular, it will be shown that when the taxes required to service the 
interest bearing government debt are fully capitalized by the private 
sector the IS-LM model should be modified in a way which yields con¬ 
clusions regarding the relative effectiveness of monetary and fiscal policy 
similar to those held by monetarists. 

Before proceeding, it would be indicated that I am not addre.ssing the 
difficult question of whether changes in aggregate demand cause price 
level or real output changes, hence I will assume that the price level is 
constant and that all changes in nominal income are caused by changes in 
output. I also assume that all money is of the “outside” variety so that the 
existence of financial intermediaries and their effect on the liquidity ratio 
of private wealth can be ignored. 

I. Portfolio Balance and the IS-LM Model 

A major reason why the IS-LM model is so u.seful and illuminating lies 
in the basic assumption of the model, which states that the conditions of 
stock and flow equilibrium can he analytically separated. In Tobin’s 
words (1969, p. 16), “a key . . . assumption ... is that spending decisions 
and portfolio decisions are independent - specifically that decisions about 
the accumulation of wealth are separable from tlecisions about its 
allocation. As savers, people decide how much to add to their wealth; as 
portfolio managers, they decide how to distribute among available assets 
and debts the net worth they already have.’’ This assumption is enormously 
simplifying and will be maintained in this paper, but at some cost. It 
should be recognized that the conditions under which such separation is 
valid arc very stringent and that the separability assumption itself is 
probably a factor in the monetarist controversy.'* The importance of the 
assumption is that the stock equilibrium conditions (the LM curve) and 
the flow equilibrium conditions (the IS curve) can be derived separately. 
Although the central argument of this paper is that the main differences 

* The obvious condition which is necessary for portfolio choice decisions to be made 
independently from the savings-consumption decision is that the borrowing and lending 
rates facing the wealth holders be equal. Otherwise the interest rate on nonmonetary 
assets will depend on whether the wealth holder is saving or dis-saving, hence his portfolio 
balance conditions cannot be specified independently of this fact. Also, when uncertainty 
is present, perfect (costless) insurance markets arc required (see Dr^ze and Modigliani 
[1972]). The implicalion.s for monetary and fiscal policy when households’ choices cannot 
be separated are examined by Purvis (1975). 
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between monetarists and income expenditure theorists lie in the deter¬ 
mination of flow equilibrium, it is useful at this point to clarify the exact 
meaning of the portfolio balance conditions as given by the LM curve. 

The LM relation is well developed in terms of portfolio theory, partic¬ 
ularly due to the work of James Tobin (1969).* The simplest possible LM 
relation is assumed in this paper, that which holds for an economy with 
three assets—money, interest-bearing government bonds, and equities - 
where the latter two are perfect substitutes. The nominal values of these 
assets are denoted M, B, and B, respectively. Government debt consists of 
l> consols, each paying a flow return of one nominal dollar and having a 
market price of P/, dollars. Following Patinkin (1965, p. 289), I let 
0 ^ /c ^ 1 be the constant proportion of the value of each government 
bond perceived as net collective wealth by the private sector. Although 
each bond is treated as wealth by a single individual, collectively bonds 
may not be so treated because the private sector may capitalize some 
part of the future tax liabilities needed to service that debt.* The difference 
between the value of the bond and the capitalized value of its future tax 
liabilities divided by value of the bond equals the constant A. Equities 
consist of e shares, each paying a flow return of one real dollar (or P 
nominal dollars, where P is an aggregate price level) and having a market 
price of P^ dollars. The value of equities is allowed to diverge from the 
displacement value of the physical capital it represents.’ Finally, the 
pecuniary return on money is institutionally set at zero, but monetary 
assets yield liquidity services to the holder. The outside money stock held 
by the private sector is assumed to be treated as collective wealth, since 
the nonpecuniary services which give money its positive value do not 
entail future tax liabilities. 

The portfolio balance conditions are represented by the LM curve, 
which is the locus of interest rates on nonmonetary assets (r) and levels 


’ See also the seminal paper by Meizlcr (1951). 

** I’he assumption that tuture tax liabilities are eapitali/ed is an important one. It is 
reasonable to the extent that taxes arc imposed on the income streams of marketable 
assets such as would be the case for corporation income taxes (see Mundell [1971, p. IIJ). 
In fact, some portion of these taxes fall on wage income and even if perceived they would 
not be capitalized at the market rale of interest because of the inability to borrow against 
human capital. As a result the future tax liabilities should not be treated as equivalent to 
the marketable components of private sector wealth. To properly deal with this problem, 
it would be nccc.ssary to introduce a nonmarkctable asset, such as human capital, from 
which tax liabilities can be subtracted. This would necessarily require dropping the 
IS-LM framework since the validity of the separability assumption would be questionable 
under such conditions. In this paper it can be assumed that tax liabilities on wage income 
are capitalized at some “psychic*^ discount rate exceeding the market rate, thus implying 
* > 0 . 

’’ That is, the Tobin "q" (19b9, p. 21) is not constrained to unity. The usual story 
behind this assumption involves a rising supply price of investment goods, c.g., Witte 
(1963), or a Penrose effect due to adjustment costs as used by Frenkel and Rodriguez 
(1975). 
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of real output (j>) such that the private sector is content with the com¬ 
position of the aggregate portfolio. In the simple economy described, there 
are effectively only two assets since bonds and equities are perfect sub¬ 
stitutes; thus Walras’s Law of stocks permits the portfolio balance con¬ 
ditions to be represented by the single, familiar equation: 

= P f(j>,r); /, >0,4<0, (1) 


where Af' is the nominal stock of money balances. The demand for real 
money balances is denoted / (•) where this function could include the 
real value of private wealth as suggested by Silber (1970, p. 464) and 
pursued by Blinder and Solow (1973). This wealth dependency is not 
directly relevant to this paper and is therefore excluded. 

It bears repeating that equation (1) represents equilibrium as to the 
composition of private sector wealth between monetary and nonmonetary 
assets and does not imply that the actual and desired levels of private 
wealth are equal. In fact, the portfolio balance conditions must obtain 
before a wealth aggregate can be evaluated. That is, equation (1) deter¬ 
mines a vector of nominal asset prices;® 


s 1 




1 


= ^ = 


r Hip, M’‘IF) 

p 

r fb{y, M^jP) 


( 2 ) 


where 0(-) is I'ound by solving (1) for r. Using equations (2), the real 
value of cxi.sting private wealth can then be evaluated as: 


w 


IVjp = 


M' + k ■ p,,- b + p^ - e 
_ 


Ml 4- P e 

P ^ P-^{y,MjP)’ 


(3) 


From (3) it is clear that given values of AP, b, e, y, and P, the portfolio 
balance conditions determine a value of w. The obvious extension of 
monetarist reasoning in this context is to specify a real wealth demand 
function which, in conjunction with existing w, determines whether 
intended expenditure is greater, less than, or equal to given output j;. It 
is at this juncture that differences between the monetarist and income 
expenditure theories arise. 


® Constant relative risk premiums and expected captlal gams and losses could be added 
to the r dtscounting each asset's flow return, but these considerations do not alter the main 
argument and are excluded. 
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n. The Flow EquiUbrium Conditions and the Flow Demand for 
New Wealth 

The flow equihbnum conditions in the standard IS-LM model are 
obtained by equating the sum of possible uses of personal income 
(c + i + t) and national product plus transfers + = c + 

where y, c, s, t, i, g, and u denote the real values of national product, 
consumption expenditure, saving, personal taxes, investment expenditure, 
government expenditure on current goods and services, and transfers, 
respectively. By specifying behavioral functions for saving and investment, 
the familiar IS equation is obtained as: 

= 'W (4) 

where l' — I — v denotes personal taxes net of transfers andy^ = y — t' 
is disposable income. 

Ex post, equation (4) is an accounting identity and bereft of theoretical 
interpretation; ex ante, the variables in (4) are also intended values and 
equation (4) represents an equilibrium condition. The main point I wish 
to make is that as an equilibrium condition, equation (4) and the definition 
of saving therein is too narrow because certain changes in net private 
wealth should be included which arc presently being ignored. For 
example. Shell, Sidrauski, and Stiglitz (1969) have argued that the private 
sector’s purchasing power (which is allocated to c, s, and 1) should include 
capital gains and losses on existing assets. Thus intended savings (the 
desired rate of accumulation of private .sector wealth) must be defined to 
include such capital value changes while the right-hand side of (4) (the 
flow supply of private sector wealth) should include them as a distinct 
clement. Since I will focus on an economy where commodity and asset 
prices are constant, capital gains and losses will not be incorporated into 
the flow conditions in this paper, although it would be necessary to do so 
if an inflationary context were to be considered. The important point of 
this paper is that a similar consideration arises when the tax liabilities of 
interest bearing government debt arc capitalized and that equation (4) 
does not include the changes in the capitalized value of these tax liabilities 
which result when the size of the interest bearing government debt is 
altered by bond financed government deficits or by open market opera¬ 
tions. For the former, each new dollar of government debt is perceived as 
k dollars of collective private sector wealth, while, the expenditure or 
transfer it financed was fully counted as personal income. As a result, a 
further wealth change of A — 1 times the value of the bond financed 
government deficit should be included in the definition of desired saving 
and in the right-hand side of (4). Also, since open market operations 
involve the exchange of money, which is assumed to be fully perceived as 
net wealth, for bonds which are not, a further change in private sector 
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wealth of 1 — A times the flow supply of money resulting from open 
market operations should be included. 

Combining the above, we can obtain an expanded measure of the 
private sector’s disposable income, available for consumption and 
changing its net wealth position (saving) as: 


a I i\ t\( I 1 1 

-(I -«b-' + C 


( 5 ) 


where { \ jP){dMJdi) is the flow .supply of new money issue financing the 
government deficit (therefore g — l' — {\IP){dMJdz) is the deficit 
financed by new bond issue) and (\IP){dMJdr) is the flow supply of new 
money issue resulting from open market operations and is equal to the 
value of bonds exchanged.’* Letting dAfjdr = {dMJdx) + (dM^ldx), we 
can rewrite (5) as: 

Letting V = c + i 4- g and equatingto c + .t", we obtain: 


,“(^2) = tW + kig - P) + {\ -k)j ~ 

P dx 

where >’'(•) is an expanded concept of saving which includes net wealth 
changes resulting from changes in capitalized future tax liabilities. It 
might be noted that .!“(•) differs from r(-) by exactly that expression 
which must be added to the right-hand side of (4) to obtain the right- 
hand side of (6). Hence as an ex post identity, equation (4) is intact. 
As an equilibrium condition, however, it is considerably altered since it 
is the augmented concept of saving on which the behavioral assumptions 
are made,'® 

To better understand these points, it should be realized that saving 
behavior should represent the desired rate of wealth accumulation by the 
private sector rather than being a “psychological” law or ultimate 
behavioral function in and of itself. .Such a saving concept arises naturally 
when one takes a life-cycle or permanent-income view of the saving/ 
consumption function. .\ simple model incorporating this view of saving 
will now be described and equation (fi) will be found to also represent the 


In a growth context, a contittuous flow supply of new iiitniey balances is consistent 
with “neutral” monetary policy. In .Section IV it is argued that for an economy with a 
stable price level, such neutrality requires that the rate of monetary expansion not 
exceed y, the exogenous growth rate of full employment income. Changes m monetary 
policy involve changes in the nominal money stock which alters the flow supply of money 
balances entering the economy since dMjdt = yM(t). 

The saving function of eq. (4) implies that the accumulative behavior of individuals 
is only concerned with the equities, money and/or bonds financing i + g — I'. A broader 
view of private sector wealth requires a broader definition of saving. 



IS-LM MODEL OF MACROECONOMIC EQUILIBRIUM 1055 

equilibrium between the flow demand and the flow supply of private 
sector wealth. 

Given that the actual real value of private sector wealth is as given by 
equation (3) using the portfolio balance conditions, the next step is to 
specify a demand function for real marketable wealth: 

«'i > 0, (7) 

where (jjJ) is the expected or permanent level of disposable income as 
defined in equation (5). It is reasonable to assume that a positive relation 
exists between it/ and (y^)* since a larger permanent disposable income 
would allow the wealth holder to spread a higher level of consumption 
over his lifetime necessitating a larger stock of wealth in order to finance 
the higher consumption level in retirement anrl other noncarning periods. 

In a static economy, (jv")* and hence «/ would be constant, therefore 
nonzero intended saving could only arise for temporary stock adjustment 
reasons when desired and actual real wealth differ. .Such wealth adjust¬ 
ment saving could be expressed as: 

^ = -t{«'“'[(.fS)*) - iv}; z, > 0, 40 ) = 0. (8) 


Under such behavior, differences between desired and actual wealth would 
cause saving or dis-saving which causes desired and actual wealth to 
converge (by output or price level changes) until the stationary state is 
restored. Such saving behavior does not accord well with that assumed in 
the usual IS-LM analysis; but from equation (7) it is clear that growth 
can provide a continuing motive for saving in a “moving” equilibrium. 
Differentiating (7) with respect to time, we obtain: 


dx ' dx 


( 9 ) 


Continuing growth in permanent income and therefore desired real 
wealth can be justified for two reasons: first, because growth in per capita 
income will provide that subsequent generations will have higher per¬ 
manent incomes than the generations they replace and, second, because 
the population of wealth holders is likely to be growing. Letting {y“j)* be 
determined by the modified adaptive expectations equation suggested by 
Friedman (1957, p. 144): 





<r«’->''<"“'>2(ll) du, 


( 10 ) 


where y is a constant secular growth term (assumed to be that of full 
employment output) and ^ > y > 0 is a constant adjustment coefficient, 
we obtain: 



= - ( 73 )*] + 


dx 


( 11 ) 
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Equations (9) and (II) imply a continuing flow equilibrium savings 
motive depending on current disposable income (adjusted) where; 

~ (j-S)*!; lA, > o. (12) 

dx 

By combining the desired flow saving in (12) with the stock adjustment 
saving in (8), we obtain a saving function of the form; 




> 0, sj < 0. 


(13) 


This saving function represents the flow demand for new wealth and 
therefore includes all changes in perceived net private wealth. The level 
of real wealth perceived by the private sector enters as a sav'ing argument 
because of the stock adjustment motive, but this wealth dependency 
represents a temporary adjustment motive and will be ignored for sim- 
plirity. Note also that permanent income is now entered explicitly as a 
parameter giving rise to the short-run savings function (which assumes 
I )>2)* constant) and the long-run saving function (wherc^^ = [d’S]*)- 
The flow equilibrium conditions are completed by introducing the 
How supply of real wealth Since I will be concerned only with macro¬ 
economic equilibria where commodity and asset prices arc unchanging 
over time, it is necessary only to consider the flow supply of new wealth 
at constant prices and interest rates. We can then differentiate w = 
(l/y-’)(Af' -p kli f E) with respect to time to obtain; 


dx /-’ \ dx dx dx} 


(14) 


The flow supply of government bonds eriuals the government deficit 
minus that part of it financed by printing money plus the value of bonds 
exchanged in open market operations. Hence, 


_ r' - ^ = 6- - T' - — 

dx dx dx dx 


(15) 


where G = P- g and 7” = P • t' denote nominal values of government 
expenditures and taxes net of tran.sfcrs. The flow supply of new equities 
ccpials the value of investment expenditures or; 

JP 

~ = P-,{r-.K^) f, <0 (16) 

dx 


where the marginal efficiency of investment function now explicitly 
includes the desired physical capital stock A'* as a parameter. As labor 
force growth and technological advances raise A''*, the marginal efficiency 
of investment curve will shift to the right in the i, r plane over time. 

Substituting equations (15) and (16) into (14), we can equate the 
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actual flow supply of private sector wealth to the flow demand as given by 
(13) to obtain: 

+ k(g - t') + {I - k)l — . ( 17 ) 

F dx 

Equation (17) represents the flow equilibrium conditions and is easily 
seen to be equivalent to equation (6) except that certain parameters in 
the saving and investment functions are now explicitly listed. 


III. Monetary and Fiscal Policy in Two Special Cases 

When the future tax liabilities required to service the government debt 
are totally ignored, k = 1 and government bonds are fully perceived as 
collective net wealth by the private sector. In this ca.se, equation (17) 
(or [6]) reduces to the standard IS curve expression given by (4) since 

— Jfd W equation (5'). Thus, the standard IS-LM analysis can be 
derived from a more general model when government bonds are fully 
perceived as collective net wealth. In this case, a “pure" monetary policy 
which alters the money stock through open market operations involves 
only the exchange of one form of wealth (money) for another (bonds), 
consequently, the flow supply of wealth is not directly affected and mone¬ 
tary policy is constrained to altering the equilibrium level of income by 
shifting the LM curve due to its eflects on the portfolio balance between 
monetary and nonmonetary assets.” When monetary policy must work 
through these channels, the possibility of weak monetary policy arises if 
private expenditure is insensitive to interest rate changes or when liquidity 
trap conditions prevail. 

Fiscal policy, however, is fully efiective when k = 1 because a change in 
the si/e of the government deficit alters the flow supply of wealth and 
shifts the IS curve horizontally by a multiplied amount. The ultimate 
change in resulting from fi.scal policy changes will be limited by the 
positive slope of the LM curve in the usual way; hence the expenditure 
theorists’ emphasis on this parameter as a determinant of the effectiveness 
of fiscal policy. 

When government bonds are not collective wealth of the private sector, 
the results are dramatically changed. If the tax liabilities attached to new 
bond issues arc fully capitalized, then A: = 0 and equation (17) becomes: 


s° y - g + \ 

P dx J 


i ^ 

F dx 


(17') 


“ In fact, as Metzlcr (1951) noted, there can be wealth ellects oi such monetary 
policy even if government bonds are treated as wealth. Expansionary monetary policy 
reduces interest rates and therefore raises the prices of nonmonetary assets increasing 
actual wealth in eq. (3). When the wraith argument is includiTl m the savings function, 
this wealth effect increases its interest elasticity. 
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It is immediately apparent that the flow supply of new money balances 
enters the flow equilibrium condition regardless of how this flow supply 
enters the economy. Monetary policy will now alter the flow equilibrium 
conditions for two reasons. To begin with, the once and for all change in 
the stock of nominal money balances will alter private sector wealth since 
money, which is treated as net private wealth will be exchanged for bonds 
which are not. This gives rise to a temporary stock adjustment effect 
whiclj is ignored above. More important, there will be a change in the 
flow supply of money balances since dMjdz — yM{t) where y is the rate 
of monetary expansion, which is assumed constant and equal to the 
exogenous growth rate of full employment income. Consequently, 
monetary policy will now shift the IS curve even if the increased flow 
supply of money is engineered by open market operations. In particular, 
expansionary open-market operations will increase the flow supply of 
new wealth because the increased flow supply of money balances will be 
reducing the interest bearing government debt (and the tax liabilities 
needed to service that debt) at a faster rate. .Since such monetary policy 
now involves a shift in both the IS and LM curves, its effectiveness docs 
not depend critically on the interest elasticity of those curves. 

When /; = 0, fiscal policy is severely weakened since government 
expenditure financed by bonds is exactly equivalent to that financed by 
taxation. For this reason changes in tax rates have no effect whatever on 
tlie IS curve unless they result in monetary changes. (Changes in g will still 
shill the IS curve ljut only by the change in g itself and not with a multi¬ 
plier effect; therefore, fiscal policy is still weakly effective because of the 
balanced budget multiplier theorem which obtains because the marginal 
propensity to spend on domestic goods is unity for the government while 
income is partly saved in the private .sector. It might be noted that this 
shift in the IS curve may he even smaller if government expenditures fall 
partly on imports and/or new public goods provide direct .substitutes to 
private consumption causing "first-level” crowding out. In any event, the 
ultimate change in equilibrium income will always be smaller than the 
change in g because the LM curve is positively sloped. 

Finally, one might expect the intermediate ca.se where 0 < A < 1 to be 
most likely. In this case fi.scal policy is less clfcctive than implied by the 
standard IS-LM model while monetary policy, although less potent than 
a tlycd-in-(hc-wool monetarist might suspect, is nevertheless more 
cfl'ectivc than suggested by standard IS-LM analysis and does not strictly 
depend on the interest elasticities of the IS and LM curves as income 
expenditure theorists assert. In a slightly different vein, the results might 
be intermediate in the sense that a .short-run versus long-run distinction 
may be important. In the short run it is probably reasonable to as.sume 
myopia on the part of the private sector with regard to the tax liabilities 
on changes in the government debt. Hence k = I and standard IS-LM 
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results obtain. In the long run, however, these tax payments are likely to 
be fully perceived, so A: = 0 will be the most appropriate assumption. 
This suggests that the standard IS-LM results arc temporary and eventu¬ 
ally yield to monetarist conclu-sions in the long run. 


IV. IS-LM Analysis as Stock-Flow Equilibrium in a Growing 
Economy 

In order to abstract from growth considerations, there is an understandable 
but unfortunate tendency to interpret the IS-LM equilibrium as a 
stationary one.'^ This has po.sed several difficulties vvliich have perhaps 
impeded rather than aided the understanding of the equilibrium de¬ 
scribed. To begin with, it is difficult to reconcile the saving and investment 
behavior implied by the IS equation with a constant level of income 
except during a temporary stock adjustment phase. Moreover, it has led 
to the general presumption that a neutral monetary jtolicy is one which 
maintains a constant money stock. In addition to introducing a misleading 
asymmetry to monetary and fiscal policy (because the former entails 
once and for all changes in the constant stock of money balances while the 
latter entails changes in the flow supply of government debt) this pre¬ 
sumption has also contributed to a neglect of the flow supply of new money 
in the flow equilibrium condition.s. This paper lias argued that this 
omission is only tenable on the a.ssurnption that government bonds are 
completely perceived as net collective wealth. The interpretation of llic 
IS-LM equilibrium in this paper involves growth as a basic element 
underlying the saving and investment decisions of the private sector, and 
this growth context also provides that neutral monetary and fiscal poliey 
are consistent with non/tcro flow supplies of monetary a.s.sets and govern¬ 
ment bonds.The purpose of this brief section i.s to clarify the meaning 
ol’ macroeconomic equilibrium and the nature of monetary and fiscal 
policy in a growing economy. 

For a given price level and using equation (5), equation.') (1) and (17) 
can be plotted as IS and LM curves in the r, v plane with their intersection 
determining the current values of y and r assuming that equilibrating 
forces act instantaneously. In addition to tlic policy parameters g — I', 
dM^jdt and M‘, the positions of these curves depend on the exogenous 
parameters (j'J)* and K'‘ in the saving and investment lunefions. In 
addition to the equilibrium output level y, the existing slocks ol productive 
inputs in this economy determine a full employment output level yp which 

* ^ There are numerous exceptions, notably Mundell (1**71, pp. 23 31} and ntheis uho 
have exjilicilly introduced growth considerations into the IS-LM framework. 

This is in direct contrast to the static approaches which hatr explicitl) inuoduced 
government budget constraints to prevent the long-run flow supply of nuiney (C.hrist 
[19G8]) and bonds (Blinder and .Solow [1973]) from being nonzero. 
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can be compared to the equilibrium level to obtain the factor utilization 
(or unemployment) rate. While it is usual to treat these values as constant 
over time, it is reasonable to assume that is actually increasing over 
time as the labor force, capital stock, and level of technology increase. I 
will assume that^^ expands at the exogenous rate y over time; thus, to 
prevent a continuing decline in the factor utilization rate, equilibrium 
should also be increasing at the same rate. 

'I'hc above leads to a concept of growth equilibrium in which the IS 
and LM curves shift secularly over time as to increase^ at the exogenous 
rate y. The conditions for such a growth equilibrium at a constant interest 
rate can be found by taking the log time derivatives of equations (10) and 
(17) and substituting to obtain; 


yDf, + 


Jd 

{fdY 



oLiBikDK'' + ct2D{g - t') 



(18) 


where D denotes the operator dlnjdx, i “i = ' is the partial 

elasticity between variables u and v. Neutral monetary and fiscal policy 
in a growing economy will be defined as a situation where D(dM^ldx) 
and D(g — t') equal the full employment growth rate y. Neutral mone¬ 
tary policy obtains when grows at the constant rate y since then 
dM'Idr = yM' Neutral fiscal policy obtains when government ex¬ 
penditures and taxes both grow at the full employment rate. 

From equation (S') it is clear that neutral monetary and fiscal policies 
imply that = Dy. Furthermore, if the desired physical capital stock 
grows at y and = 1, it is clear that the right-hand side of (18) equals 
y.'* Finally it can be noted that Kuznets’ study suggests that the long-run 
savings function is proportional, hence + c,,,. = 1 and equation (18) 
implies that Dy = y when = (yj)*- In this case, the IS curve moves 
to the right at the rate y in the r,y plane and can be drawn as a stationary 
locus in the r,ylyf plane of figure I. 

d he portfolio balance conditions can also be represented as an LM 
curve in figure 1, but a constant money supply would mean that the LM 
curve would be continually shifting to the left in that plane. The conditions 
for a stationary LM locus are found by differentiating (I) holding r 
constant to obtain: 


= e-i.y = yl^i.r ( 19 ) 


If the popular assumption that ^ = 1 obtains, the LM curve will be 
stationary in the T,yj plane of figure 1 when monetary policy is neutral 


A further rrquirenicnl in growth equilibrium is that the ratio of investment to the 
capital stock (///C) equal y. When //A' ^4 y, the capital stock will accumulate at a more 
or less rapid rate than competing inputs, hence diminishing returns will change and 
shift the marginal efficiency of investment curve until //A' = y obtains- 
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as defined. If e, y 1, it is clear that a growth equilibrium with a constant 
interest rate is not possible with the IS equation of this model. 

The intersection of the IS and LM curves determines the macroeconom¬ 
ic equilibrium at O'/.Vf),. and r, in figure 1, but this equilibrium now has an 
explicitly dynamic interpretation. Monetary policy involves changes in 
the stock of money balances (but not its rate of growth),'' and this will 
increase the How supply of monetary assets, since dM^dr = yAf'. This 
monetary policy will shift the LM curve in figure 1 and possibly the IS 
curve, depending on whether k is less than or equal to unity. C.'hanges in 
fiscal policy involve changes in the level but not the rale of growth of 
g — I'. This will shift the IS curve by an amount which depends on the 
value of^ and on whether or /' is altered. 

V. Conclusions 

The main argument of this paper is that saving beh.avior should be viewed 
as the desired accumulation of wealth by the private sector. As a result, 
the How equilibrium conditions of the standard IS-LM model should be 
broadened to include certain net wealth changes which are ignored in the 
current formulation. This is particularly true if the private sector 
capitalizes some part of the tax liabilities attached to government bonds 
since open market operations will now alter the How equilibrum con¬ 
ditions as well as the portfolio balance equation. As a result, it is found 
that the conclusions regarding the relative ellectivencss of monetary and 
fiscal policy depend largely on whether or not government bonds arc 

In the real world, these changes in (he money slock will iruolve [empurary rates oi 
giowth of the money .supply difl'erenl than y. It should be noted lhat permanent rates ot 
growth of Al' different from y are inronsistent with equilibiium in this eonslanl priee 
level economy. Such monetary changes would shift the curve.s cntumuouslv until price 
level changes are induced and eventually some iriflatiiuiary oi dell.ilionar)- equilibrium 
is established. 
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collective wealth to the private sector. If government bonds are not net 
wealth (the “rationalist” view) then monetarist conclusions regarding 
stabilization policies follow from the modified IS-LM model, while the 
standard IS-LM conclusions can be associated with the assumption that 
bonds arc net wealth (the myopic view).** In addition it is hoped that 
by sketching out an interpretation of the IS-LM model as a dynamic 
wealih choice theory as done in this [laper the focus of the monetarist 
debate can be sharpened and the dilferences between the two sides 
clarified. 
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Price Discrimination and Vertical Control: 
A Note 
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The analysis extends beyond the standard case of the monopolist who 
integrates in order to isolate some of his customers from arbitrage in the 
monopolized good so that he can discriminate against them. It examines 
the exploitation of factors employed by, and the customers of, the 
monopolist’s customers. By vertical integration the monopolist may 
utilize barriers to arbitrage that would otherwise be unexploited because 
the market is competitive. Sometimes looser forms of vertical control, 
for example, tying arrangements, can be employed, and in some circum¬ 
stances it is possible to extract surpluses from parties with whom the 
monopolist does not trade. 


Although it is widely recognized (hat a monopolist might integrate 
forward to gain the benefits of price discrimination, discussion of the 
proposition appears to go little further than explaining tliat vertical 
integration can be used to isolate segments of the market in the absence 
of other barriers to arbitrage among the monopolist's customers. This 
note attempts a more systematic analysis; it extends beyond discrimination 
among the monopolist’s own customers to examine (i) the exploitation of 
(fl) the factors employed by his customers and {b) tlie customers of his 
customers, and (ii) whether vertical integration is necessary to exploit 
parties with whom the inoiiojjolist docs not trade. ^ When arbitrage in a 

* The stimulus for these extrusions comes from a somewhat Del[)h>c aside in Siiglrr 
(1951, p. 191): “A Firm cannot practice price discrimination in the stages in which it does 
not operate; only by fabricating cable could (he Aluminum Company of America sell 
cable at less than the ingot price, while maiiUuining a higher price on less conipeuiive 
products. ...” The connection beiwc<*n the general proposition and ihe illustrative case 
is not clear: the point of the latter would seem to be that ALClOA integrated because it 
could not discriminate in the market in which it did operate, the ingot market, the pre¬ 
vention of resale ol ingots being impossible. Of more importance, U will be argued— 
contrary to the general proposition—that the gams from discrimination in remoter 
markets can in some circumstances be achieved without recourse to vcitical integration. 
However, the analysis lends .support to Stigler’s remark, preceding the above quotation, 
that ‘‘Monopoly is a devious thing....” 

[Journal of Pohlxcal Economy, 1977, veil. B*!, no *>] 
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good or service is, or can be made, impossible or prohibitively expensive, 
there is, so to speak, a potential Ibr discrimination that cannot be used by 
traders in the market if it is perfectly competitive. This potential may in 
some circumstances be exploited by a firm with monopoly power at a 
related stage. 

The Model 

Apart from discrimination, the principal explanations that have been 
advanced for vertical integration by a monopolist are the following; to 
avoid the cumulative restrictions of output ol successive monopoly and 
the bargaining costs of bilateral monopoly (e.g., Machlup and Taber 
I960); to avoid distorting factor proportions in the customer industry 
(e.g., Vhrrnon and Graham 1971; Warren-Boulton 1974); or if there arc 
“cost advantages,” that is, if the coordination of stages of production by 
admini.stration is ctlicienl relative to market transactions (e.g., Goase 
1937; Williamson 1971). 

If these other reasons for vertical integration arc ruled out by assump¬ 
tion, the relevance of di.scrimination can be brought into sharper focus. 
Accordingly, wc a.s.sunie initially that a monopolist producer of input A 
sells only to competitive industry A’; that production of A’is subject to 
fixed coefficients, with units defined so that one unit of A' requires inputs 
of one unit of .4 and one unit of 71; that input 71 is competitively supplied; 
and that no cost advantages or disadvantages would result from the 
integration of the production of A’and A. 

This model has been used (by, e.g., Needham 1969, pp. 118-19; 
Singer 1968, p, 208) to argue that abstracting from price discrimina¬ 
tion the A monopolist has no incentive (o integr.atc into A’ production, 
'f'he analy.sis is outlined with reference to figure 1. The monopolist’s 
derived demand t urve 1)^ is obtained by subtracting vertically the supply 
curve of input H from the demand curve for A’. J'hus — Sf,; 

and It fiillows that .1/77,, = A//7, — A/A\, wlicre A7,S'^ is the curve marginal 
to Sf,. for maximum profits 

A7(;„ = MR, = A/77, - MS,. (1) 

The monopolist's profit-maximizing price is P*. The competitive supply 
curve of A' is S, + /’*, yielding an cc|uilibiium price of P*. The net profit 
to the system, all accruing to the A monopolist, is the revenue P*X* 
minus the cost of producing zl* and of acquiring B*. 

Now suppose that the A monopolist integrates and monopolizes X 
production, cost and demand conditions unchanged. The integrated 
firm’s marginal cost curve is MC, + MS,, and the condition for maximum 
profits, 


MC, -p MS, = Af7?„ 


(2) 



* X 
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is the same as condition (1). Thus output and price of X, and the aggregate 
cost and revenue to the system, are the same as in the nonintegrated case— 
there is zero net gain from vertical integration. 

Notice that conditions (1) and (2) indicate that the nonintegrated 
monopolist takes full account of the slopes of both and 5^. In other 
words, he exercises ■ indirectly via the price of ^4—monopoly power over 
the ljuyers of A’and monop.sony power over the sellers of Bjust as effectively 
as if he had been fully integrated into X production and traded directly 
in the markets for A' and B. On the other hand, although the monopoly 
power over A is exerted in the price charged to the X firms, the X en¬ 
trepreneurs, in this model, earn zero profits in the long run, just as they 
would if the input A were supplied to them by a competitive industry. 
To bornjw terminology from the theory of taxation, the impact of the 
monopolist’s power is on his customers, but the incidence is on the 
customers of, and the factors employed by, his customers. 


Discrimination among Customers 

Discussions of the relation between vertical integration and price dis- 
crirniriation argue informally that vertical integration is a surrogate 
lor discrimination when arbitrage among customers cannot be prevented 
(e.g., .Stigler l!l,")l, p. 191; N'ecdham I9(i9, p. 116). It will be useful to 
extend the fixed-proportions model to a case of discrimination corres¬ 
ponding to that m the literature. The additional point to be established 
IS that discrimination by the nonintegrated monopolist is analytically 
efiuivalent to the exercise of simlile monopoly-monopsony power by the 
fully integrated monopolist. 

Asstitne that the tionintegrated A monopolist sells to the A' indtistry, 
(lesenhed above, and to the competitive }'industry; that production of 
y KXjirires fixed [troportion.s of inputs A iind ; and that the demands lor 
■V.itid r are unrelated. The )' industry’s demand for inptit A is — ,S',, 
with margititil revenue MR^. — .f/.V,. (liven that the A monopolist can 
discriminate between the .V and 1 industries, his profit-maximizing 
conditions are 


A/(;„ = AZ/f, - A/.s; = MR, - MS,. ri) 

riiesc conditions determine the profit-maximizing output of A and its 
division between the A' and 1' industries, the prices charged being then 
determined from the derived demand curves. 

If the A monopolist cannot discriminate because of absence of barriers 
to resale, an ecjually profitable result can be achieved by integrating and 
monopolizing the production of the good that would have enjoyed the 
lower price for input A under discrimination, say .V, and selling A to 
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independent Y producers. The profit-maximizing conditions are then 

MC^ -1- MS, = MR^, and MC, = MR^ - MS,, (4) 

equivalent to (3). 

Alternatively, the A monopolist could integrate and monopolize the 
production of both X and 1'. The profit-maximizing conditions then 
become 

MC, -I- MS, = MR,,, and MC, + MS, = MR^, (5) 

which are the same as (3) and (4). 

The equivalence of conditions (3), (4), and (5) indicates that each 
case results in the same qttantities of inputs and outputs, and the same 
net revenue to the system, always accruing to the A monopolist. From 
another point of view, the equivalence of conditions (3) and (5) shows 
that if the nonintcgraled monopolist can discriminate among buyers of A 
the results are the same as if he had been fully integrated into the pro¬ 
duction of lioth X and F and exercised simple monopoly power over his 
customers and simple monopsony power over the sellers of the factor 
services R and C. There is nominal discrimination when the nonintegrated 
monopolist charges a higher price to the 1’ firms than to the A' firms, 
hvtt the A' and F entrepreneurs earn zero profits in the long run, in this 
model, whether or not the A monopolist discriminates. The effects of the 
nominal-discrimination arc borne by parties with whom the monopolist 
does not trade. 


Discrimination among Factors Employed by Customers 

We have seen that the nonintegrated monopolist can exercise—in¬ 
directly through the price, or discriminatory prices, he charges for A — 
simple monopsony power over other factors employed by his customers. 
This observation prompts the question: how and in what circumstances 
can the A monopolist gain the additional benefits of discriminating 
monopsony in these markets? 

For simplicity -wc revert to the assumption that the A monopolist sells 
only to the competitive -Y industry, which uses input B. Assume that there 
are barriers to arbitrage among the sellers ol B. The potential for dis¬ 
criminatory exploitation depends on whether the sellers of B earn rents. 
Consider two possible reasons for the upward slope ofS,. First assume that 
all units of B are equally efficient, that B is used by several industries, 
and that the X industry accounts for a sufficiently large proportion of the 
market for the price of B to be bid up as the A' industry expands. Dis¬ 
crimination among units of B is impossible on these assumptions. An 
integrated monopolist would have to pay to each \mit of B the price 
necessary to bid the marginal unit away from other industries. The 
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integrated monopolist is limited to the exercise of simple monopsony 
power over B-, but, as we have seen, a nonintegrated monopolist can 
exploit this power just as effectively by choosing the appropriate price for 
A. The assumed supply conditions for B provide no incentive to integrate 
vertically. 

Alternatively, suppose that units of B, although equally efficient in 
the production of X, are of differing efficiencies in other industries. 
Efficiency differentials will be established among the prices of units of 
B employed outside the X industry. The units of B employed by the X 
industry will be those that are le.ss efficient in other industries. The X 
industry, as it expands, will have to pay successively higher prices for 
marginal units of B. But since units of B are equally efficient in the 
production of ^Y, competitive bidding by independent X firms will establish 
a common price equal to the transfer earnings of the marginal unit of B, 
the intramarginal units receiving a surplus over transfer earnings. On the 
other hand, a vertically integrated monopolist of A and X exercising 
perfect discrimination would pay to each unit of B only its transfer 
earnings. His marginal cost of B is then represented by in figure 1, and 
his equilibrium output is A'*, where = S,, + A/Cj. (Evidently, 

similar possibilities for exploitation could arise in a model with units of 
B unequally efficient in the A'industry.) 

However, vertical integration into the production of X is not essential 
for the exploitation of the B factor rents. The A monopolist can—on 
present a.ssumptions establish himself as the monopolist seller of B to 
the A" industry by stipulating that the X firms buy all their requirements 
of B from him, that is, by tying .sales of A to sales of B. This would make 
him the monoiisonist buyer of B for employment in the X industry. He 
could then offer the units of B that are less efficient in other industries 
just sufficient to induce them to work in the X industry, while charging 
the A' firms a common [iricc for B equal to the transfer earnings of the 
marginal unit at the quantity B\.^ 

A nonintegrated monopolist of A need not even establish direct con¬ 
tractual relations with the sellers of B in order to extract their rents if 
he can discriminate between the X firms. The objective can be achieved 
by suitable pricing of his own good A. Taking the vertical heights of 
in figure 1 to represent the transfer earnings of successive units of B, the 
monopolist charges the X firms for each unit of A the difference between 
X*M and the transfer earnings of the unit of B with which that unit of A 


^ Compare Bowman (1957) and Burstcin (1960) on tic-in sales. These analyses relate 
to the extraction of the surplus on the tying good, whereas in our case the surplus on the 
tied good is extraeted. This distinetion is crucial in the context of Bowman’s discussion 
of the concept of leverage in antitrust law. Also, Bowman’s discusston of tying as a device 
to measure intensity of use for purposes of price discrimination leads him to the conclusion 
that there is no advantage in tying when the goods are used in fixed proportions. 
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cooperates. The X firms could then bid no more for each unit of B than 
its transfer earnings; the nominal discrimination is in the prices of A to 
the X firms, but the burden falls on the sellers of B. Such indirect ex¬ 
ploitation depends on information about the B input that would often be 
difficult for the nonintegrated monopolist to acquire, but in some circum¬ 
stances, for example, if the B inputs were land of different fertilities, 
estimation of the surpluses of inputs and identification of their employers 
might well be feasible. 

A further point worth noting is that in this last case the X firms have 
identical demand curves for A and earn no surpluses. Thus the observa¬ 
tion that a firm is discriminating among its customers does not necessarily 
entail the inference that it is exploiting either differences in their demand 
elasticities or their surpluses. 

The analysis points to several conclusions. If there are barriers to 
arbitrage in a factor market, or if they can easily be erected, the existence 
of rents to factors employed by a competitive customer industry provides 
an incentive for a monopolist to integrate vertically. However, vertical 
integration may not be necessary to exploit factor rents if some looser 
form of vertical control can be operated, such as a tying arrangement or 
discrimination among the monopolist’s customers. Indeed, a monopolist 
may be able to secure the gains of discrimination without contractual 
relations with the parties being exploited. The choice of method of 
exploitation will be influenced by coasiderations other than those 
mentioned above and from which the model abstracts, such as the costs 
of making and case of enforcing the alternative contractual arrangements, 
and the information about factor rents that they generate. Perhaps the 
most likely potential for exploitation lies in differential site rents. For 
example, the exploitation of owners of retail sites with special advantages 
for a particular trade may provide a possible rationalization of some 
cases of vertical integration into retailing, and of the practice of leasing 
retail premises to independent operators, subject to tying clauses; this is an 
alternative hypothesis to the more usual explanations in terms of cost 
savings, or of barriers to entry into the monopolist’s stage. 


Discrimination among Customers of Customers 

This case warrants only brief discu.ssion, for the analysis and conclusions 
are analogous to those of the previous case. If the buyers of A' arc firms, 
then the monopolist of zl may integrate into production of X in order to 
exploit either the firms themselves, or the factors they employ, or their 
customers. For simplicity, the following comments a.ssume that the buyers 
of X arc households. 

Suppose that X is a good or service that it is impossible or prohibitively 
costly for buyers to resell to each other. Competitive producers of X 
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cannot make use of these barriers to resale, for discrimination is in¬ 
consistent with perfect competition. However, the monopolist of A can, 
by integrating and monopolizing the production of A”, combine the 
monopoly power and barriers to retrading necessary to exploit the 
potential for discrimination. Taking the limiting case of perfect dis¬ 
crimination— by, say, a two-part tariff—and assuming negligible income 
effects, the integrated monopolist’s marginal revenue curve is D^. Assum¬ 
ing that it is impossible to discriminate between sellers oi B, the integrated 
marginal cost curve is MS/, -I- MC^, and the profit-maximizing output 
is X*. If it is possible to discriminate perfectly against sellers of B, the 
profit-maximizing output is A'*. 

Integration into the production of-V may not be necessary to exploit 
the buyers of A', As a possible alternative the monopolist could make 
sale.s of zl to the A' firms conditional on the .V firms selling all their output 
to him He thus would become the sole seller to buyers of X and could 
discriminate among them. Such a contract is similar to one for the pro¬ 
cessing of zl and is, of course, by no means unusual. 

Finally, it may be possible for the A monopolist to discriminate in¬ 
directly among buyers of X, without trading with them, if he can dis¬ 
criminate among the X producers. For example, if the buyers of X are 
spatially separable, the A monopolist could make sales of A conditional 
on each X firm .selling only in a particular area, that is, operate the 
demands for .V by discriminatory pricing of A to the A firms. In effect, he 
creates local rntmopolics to enable the X firms to exploit their customers, 
and then captures (he spoils from the X firms. 

Thi.s paper has been concerned with the relation between discrimina¬ 
tion and forward vertical control, but it is evident that potentialities for 
discrimination give rise to similar incentives to backward integration and 
to possibilities of indirect exploitation. 
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Poliak and Wachter on the Household 
Production Function Approach 
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Board of Governors of the Federal Reserve System 


In “The Relevance of the Household Production Function and Its 
Implications for the Allocation of Time,” Poliak and Wachter (1975) 
have provided a valuable analytical interpretation of the theory under¬ 
lying the “new home economics.” In addition, they have provided in¬ 
sights into serious potential abuses of the household production function 
approach. However, their identification of one such potential abuse 
led them to terminate their analysis prematurely with the rejection of 
the entire shadow-price concept on which much of the new home eco¬ 
nomics is based. Their conclusion is unwarranted. 

Poliak and Wachter maintain that joint production is inherently 
important in household technology, and they argue that joint production 
breaks the link between the c.xisting household production function 
approach and the neoclassical theory on which that approach is based. 
They also argue that joint production results in the confounding of tastes 
and technology within shadow prices. But such “confounding” could 
pose a fundamental theoretical problem only if the postulated “eon- 
founding” can be translated into an identification problem. I shall 
equate a particular theoretical structural model with the household 
production function approach. I shall demonstrate that all functions in 
that structural form do have known neoclassical properties, and I shall 
discuss the identification of the structure. I shall derive household structure 


I have benefited from the comments of Richard Berner, John Davison, Kenneth 
Kopecky, and an anonymous referee. I have al-so benefited from discussions on the 
subject with Daniel Brod, Robert Poliak, and James Heckman. I he views rxpres.scd 
herein are solely those of the author and do not necessarily represent the views of the 
Board of Governors of the Federal Reserve System. 

[Journal of Poltiical Economy, 1977, vol S'*, no 5] 
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and prove its identification when tastes are Bergson and technology is 
Hybrid Diewert. The structure will be shown to be overidentified, and 
joint production will be shown to increase the number of overidentifying 
restrictions. I argue that in the general case joint production commonly 
lends to assist in identification without introducing any nonneoclassical 
theoretical complications. 

Having rejected commodity shadow prices, Poliak and Wachter recom¬ 
mend an alternative. I shall equate that alternative with a reduced-form 
approach not having capabilities comparable to those of the household 
production function approach. 

I. Introduction 

following Poliak and Wachter, let X = (-''d - t ■'‘n)’ ^ vector of 

goods, and let Z = (c,, ■ ■ , c,„)' be a vector of “commodities” generated 

from gofids by the household’s production process. Let LI be the house¬ 
hold’s uliliiy function, which we shall asstnne is defined over commodity 
vectois, atul let P = (/),, . . . , />„)' be the vector of goods prices, Poliak 
and Wachter have shown that a cost function (/(P, Z) exists such that 
the hotisehold maximi/es U{Z) subject to the constraint C{P, Z) = 
where /( is to(;tl expendittire available.' I'he soltition is a system of 
commodity demand equattons Z ■— f (P, //). Translating 1] bark into 
the goods space, we can ;ilso derive goods demand functions X = h{P, fi). 

/\ssuming that hoti.sehold prodtittion is characterized by constant 
returns to settle, Poliak and Wtichter have shown that the hottsehold 
etui be showti ef|tiivttlently to .solvt' Hir that value Z* whirl) will 

maximize l'(Z) subject to n'Z — /i, (1) 

whete R — (re,,. . . , re,„)' is the gradient of Z) with respect to Z 
and re therefore is a function of (P, Z). I'hen re,(P, Z) is defined to be 
the shallow |)rice of the itli eommodity 

.\s Poliak .iiid Wttchter htive observed, rnttrh of the appeal of the 
commodity shtidow-price itp[)roach lies in its ability to use functions having 
known neocla.ssical properties However, Poliak and Wachter maintain 
that, if the constntint re(P, Z)'Z = /i is nonlinear in Z, then the link 
with conventional theory is broken, since commodity demand functions 
derived from (1) wotild “correspond to those in a model in which con- 
stitneis are monop.sonists or are olfered tic-in sales” (p. 2,')8). But the 
commodity shadow prices n{P, Z) do depend upon Z whenever house¬ 
hold prodtictioti exhtbits jointness, which Poliak and Wachter maintain 
is inherently characteristic of household prodtiction processes. Hence 

‘ Piilliick and Wachter have considered the additional inclusion of lime in the model, 
d'he iheoi etical issues I shall thscicss will he presented in such a manner as to be unchanged 
hv sucli complications. 
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Poliak and Wachter conclude that in the usual case the household 
production function approach must model a nonneoclassical decision 
problem for which “there are virtually no substantive results” (p. 258).^ 
On these grounds, which I shall show to be specious, they immediately 
reject the use of commodity shadow prices as arguments of commodity 
demand functions.^ When 2 is not measurable, they recommend the 
estimation of h. Otherwise they recommend estimation of f (perhaps 
preceded by a prior-stage estimation of technology). 

Poliak and Wachtcr have observed correctly that their function f does 
not have the known properties of conventional neoclassical demand 
functions. In addition,/ and h depend upon both technology and pref¬ 
erences in a manner that provides little information about either. But as 
Poliak and Wachter have explained, the primary objective of the new 
home economics is to avoid “confounding tastes and technology” (p. 260). 
I shall show that the use of commodity shadow prices permits us to isolate 
sources of taste and technological change while using only functions 
having known conventional neoclassical properties. 


II. Basic Constructs 

Shadow prices are usually defined in terms of tlie normal to a separating 
hyperplane constructed at a solution point. That construction is dependent 
upon the location of the solution jtoint, which need not be solely supply 
or technology determined. Now recall that Z* = f (P, //) is the house¬ 
hold’s solution value for Z. Define n* by jt* = 7r(P, Z*), and let us 
instruct the household to resolect Z conditionally \ipon Jt* to"^ 

maxitiiize </(Z) subject to n*'Z = //. (2) 

The constraint in problem (2) is the hyperplane contemplated by the 
shadow-price approach. The solution for Z (in terms of \n*, //]) can be 
denoted implicitly by'’ f<(Z, tr*, p) = U. By comparing the first-order 

^ Obscivc carefully iKal the issue they raise is the availability ot theoretical knowledge 
of the ptoperMes ol (he tunctions u.sed in the household pi<j(luc(ion luuction approach 
This niathemalical ^lucslion about noiisUx hastic lunclioii pi operlics is independent of the 
separate >ia(islical question of the riidtig<-rieity of any random variables. E.g., the endog¬ 
eneity ol the landoin \aiTable n{P, Z) follows trivially from the ilnect functional de¬ 
pendency of n{P, Z) upon the endogenous raudoin variable Z \'el this endogeneity is 
irrelevant to Poliak and W'achtcr's conlciilion of (he presutiu'd unavailalalily of known 
theoretical properties of the function n or of any other function in household .siructuie. 

^ In order to address ih<-sc issues, I shall not exclude joint production from this paper 

^ Po permit our j^rior computation of w*, I assume that the household alieady has 
solved its full decision ptoblcin (1). Nevertheless, piobh’ui (2) ran be defined foimally, 
despite ih<‘ seeming redundancy of its objectives. 

^ Formally we could use the conventional notation Z = but 1 use the 

implicit function notation 6' to emphasize the fact that an explicit closcd-lorni solution 
for g need not always exist. Practical and rcdevaiil examples are piovideci m Barnett 
(1977; 1978, chap. 7) 
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Wachtcr have warned us against convincingly. But to use the shadow- 
price function, 7 :, in the construction of ([3], [4]), we have no need to 
impute explanatory power to the value of the variablcs^^ ;:(/*, Z). 

Each function in the reduced form can carry joint information both 
about preferences and technology. If we wish to investigate properties 
of the household's structure or to consider household structural change, 
we must use a structural parameterization permitting the unscrambling 
of tastes from technology.*^ 'I'o investigate technological change, we can 
explore shifts in the parameters of the function n and the function F. 
T do not explore variations in the value of n{P^ Zj, since such variations 
dejK’iul uj)ori preferences as well as technology. In brief, the merits of 
Poliak and Wachter’s approach arc precisely those of a rcduccd-fonn 
syslein, wliilr! those ot ilie shadow-price aj)})roaclr are precisely those of 
a slrurlural form. But ilie advantages (»f structural-form estimation are 
well known.*** 

When Z is measurable, Poliak and Wat liter advocate estimating (5') 
(perhaps preceded by tlie (siimation of technology). I'he most general 
approach to modeling / woviUl involve parameterizing /directly.*^ Each 
parameter of such a direct rerluccd-form parameterization could carry 
inibriuaiion aliout liotli pr'ch^i'ences and tcclmology, and untangling the 


Dilldnii houscliolds m.iy idriKical irtlmologu's and be ‘yivrn” identical 

iP, //J widunu idcnlii.d slnidow pi ices. In such a case, 1 should conclude that 

sli;uU)vv .n<- ditrcicnt a> (he oi (lithring t.istrs. To view shadow prices as 

cxpl.iii.iUii y would riwi-rsi’ ilit'<lin c lion ol causation. 

’’ Ivg., SN'itlumi a stiiutui.d patainc'(<'ii/ati<»n habit lonnalion could not be incor¬ 
porated into llic model without eonfoundiiig tasi< s and ir< hnology. Poor estimation of 
leclnudogy w<iuld nut Ik Ip. Oftouisr m the exceptional borderline rase of t'xaci idenliti- 
laiion, siruciuial-fotrn paiameters loi a fivd stiuituic can be computed from reduced- 
l<iim par.uTiel<*is llui slruciut.il <h.»iig«* c.iri !>e m\'osligatc'cl only m teims ot changes in 
sirucluial-lorm paiameieis. I’uitheiinoie, <-ven it the .slructutal lorin were t^xaclly 
idi'iiuried, noiiliiK ai ilies (hat typically exist in both the stiuctuial and reduced form 
would seveiely complicale solution for ih<‘ struclural-foim paiameters from the reduced 
lot m 

' Pill lh<‘i iiun'i', r'eiliu etl-tbnu foiet.isis aic easily comj^uted numerically from an 
Kleiiiif'n'd slrurlural form, so lh.it lh<* ol>jtTUve.s ofthe i<*duced form ran be siTvi-cl liy the 
siructuial form itsc'lf. No rii’ed exists evn to <*stiinalr dneclly or to solve analytically for 
the inlierenllv less mfurimitixe leduced form. Also observe that the household’s structural 
(onn (pi), [4|') IS well designed loi deriving lelulable theoretical results. The properties 
of all the luiictmns m {1I3|, | f|) are u'stricied by ik*o( lassical demand and production 
ilieory, legaidless oJ uliether or not joint pioduc'tion <*.xists. Those restrict ions imply 
restnclions upon the response ol Z to variations in tastes, technology, and (P, u). But 
such tlieoii'tical ri’sulis aie very wc.ik unless liuther assumptions are made about tastes 
and tec hnology, Jn this context it is Irccjuently productive to exclude corner solutions and 
infenor coirimoclitics. Excluding joint pioduciion is neither necessary nor desirable. In 
< ontrasl, obsersc that Poliak and \Vachlrr*s function /^itself does not possess conventional 
neoclassical demand properties, although its actual properties ran he deduced from ([3], 

[4]J. 

' ^ I'hc selection of such a direct reduccd-lbrm parameterization preferably should be 
guided by a duality theory, although in practice we may be satisfied with a parameteriza¬ 
tion of/"which only approximates the underlying theory. 
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two sources (whether or not technology is itself estimated in a prior stage) 
would rarely be feasible. This is truly a reduced-form approach. Alter¬ 
natively, we could structurally parameterize (5') by selecting parameter- 
izations of preferences and technology (rather than directly of/) and 
then deriving (5') in terms of those original structural parameters. But 
this approach would be ofliule practical value, since the resulting system 
would be derivable only in pathological cases,*** and even in those rare 
cases the resulting system would be far more difTicult to estimate than our 
model. * ^ 


IV. Identification of the Structural Form 

The household production function approach can be viewed as predicated 
upon the ability of system ((3J, f4V) to unscramble tastes from technology. 
The dependence tjf shadow prices liotli upon tastes and technology 
(which troubles Poliak and Wticlucr) could pose a fundamental inctli- 
odological problem only if that joint dependency resulted in an 
identificatton problem; furtliermore, my own advocacy ol' ([3|, [4J) as 
the household’s structuiitl model wouhl be imsup]joiTable if it were 
unidentified. To dispel in advance any truly serious potential doubts 
about the use of shadow prices, I shall disprove iioiiidentilication by 
countercxani|)le. 

flonsidor a two-good, two-commodity household. I shall assume that 
the houseliokrs commodity demand functions arc of the Bergson form 
'I = with ft, > 0 for i = 1, 2. I .shall assume that the hou.se- 


lo coiTiplfio ih<.' -sysieni, suppose ih;it we vv<-ie (o 4idjoin (-i) to p'). Then suppose 
ilicit uc weic 10 atiempt lo cleiive the resulting sysiein Itoin a prior parameUTi/anon ol 
(.'rsi<‘s and (echiuilogy W'e c<rulcl hrst deiite ((3], f4j;, \\hi<h indeves the equivalence 
class ol stiuriural loiins consisting oi all elementary iiaiisroinuiiions ol ((3], [4J). To pass 
from the shadow-price appioach, lU-fined (in the sside sense) hy this i quivulence class, 
lo the Poliak and Wachier equations (r)’), we must be able to sol\e the slimtuial inotlcl 
(3) ex|)luilly lor a rlosed-foiiu lepiesmtalion ol the uducttl lonn equations (3'). As is 
liu<' irt g<Ticfa) (bf ntnilinCfii stiuctuies, (his lart’l) is possible. As a simple evianifile, con- 
sid<T Hybnd-lJu'werl t<Thn(>U>gy and CTIS commodity prefereruts in die lv\o-gt>od, luo- 
cominodily case, with ihe same* notation inlioduceil in Seetion IV' b< low. I.el .v = \ 
and le! ji lie an arbilrary inlegn exteediiig 4. Apply the binonnai expansion to !i*)ins oi 
Older //, and collect «iil leniis onto the right-hand side. To sepaiMtt 2:1 .uul * 2 , \m must 
be able to .solve ihis polynoimal ior-v But lin' polynomial is full ami ol orcli 1 // i I, and 
It IS well known in (ialois theory that ihe genet.il polynomial ofdegiee txceidmg 4 is not 
solvable (cxeepi in terms of Kuclujian functions, which are not < inpii icaily tniplcineiilable). 
Hence we see dial 10 parameterize ([4J, |3']) siiuelnrally we niusi li.itk uji lo fin implicit 
IepreserilalioM, i.e., into an eleineiU of the ecjuivaleiici* class defining the shadow-priie 
ap[)roach itself. 

The sole such case of whit h I am aware (permitting both joint let hnology and a 
closed-form represeriiaiion of 13')) is the case <»f Cobb-Douglas pit h rences and Mybrtd- 
Ihewcrt technology. In that case, (14J, |5'J) is both nonlinear m the vaiiables and deeply 
nonlinear in Us parameters, while our system (f3], [4]) is nonlmeaJ m the vaiiables but 
fully linear in all of Us parameters. 
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hold has a Hybrid-Diewert joint cost function.'® Using i,j, k, I = 
1,2, to denote parameters, we have 

+ '^2222^lp2 + 2a| 21 i-tl V/>l/'2 + 2 22^ 2\ P iP 2 

4 Sa, I , 2/’| \ -;iC2 + 2^221 2/’2V -^i-;2 

+ 21 2^'•:|-Z2N'/’i/>2- 

We can then derive the household structural form''* ([3], f4]). The rank 
(sulhcicntj condition for identification can be shown to be satisfied, 
and the system tliereby is identified.^® The order condition is satisfied 
lor an equation if the number of exclusion restrictions on the equation 
exceeds the number of equations in the system by more than one. The 
number of exclusion restrictions on each ef|uation is 14, and the number 
of e<|uations in the system is four. The system is considerably over¬ 
identified. 

I now sliall explore the eflcct of nonjointness on identification. To 
impose nonjointness, we set a |,,2 = t»i 2 t 2 = ® 22 i 2 = 0- fileven ex¬ 
clusion restrictions remain in each of two equations of ([3], [4]), while 
13 remain in each of the other two equations. We have lost three over¬ 
identifying restrictions in each of two equations and one overidentifying 
restriction in each of the other two equations. Joint production helps in 
identification. 

riie results acquired from my counterexample refiect general properties 
of the theoretical structural fiirin (f3|, fdj) rather than properties specific 
to the t:hoscn specification. The large number of exclusion restrictions 
results front the nonlinearity in the variables inherent to ([3], [4]) and 
from the fundamental tlifference between the structures of^' (3) and (4). 


** Sft Hall (1973) lor ihc clff'iiutuMi ol thr Hybiitl-Dioweil cost I’unction. 

Uftailfd vriilicalioti ol all of niy rcsiiUs on this countm-xaniplc is conuincU in a 
fjfior' clralt ol (his ;u’ail:ibl<* upon i<'<|ucst. 

Sinru till' strurlurr in this rase is nonlinear only in its variables (rather than its 
paraineiens), lh(’ rank and order conditions lor idrniiriration are available immediately 
from I'ishor chap. .>) 

It IS well known ih.it nonlim'.ir functions of exogenous variable.? can be viewed as 
new exogenous variables. Although the exogenous variables P may appear in all of the 
equations of ([3J, [4]), some functions of the clementb ol P certainly will be missing from 
some equations. The result is exclusion restrictions on lho.se equations whenever the 
funciioiis do exist elsewhere in the system. Fisher (J90h) has proved that terms involving 
endogenous variables can generate exclusion restrictions in a similar manner, and ([3], 
[4J) is inherently nonlinear in l)oth its endogenous and exogenous variables. The fun¬ 
damental difference between the structure of (3) and (4) assures the existence of many 
such exclusion re.stnclions in the combined system ([3], f4]}. Furthermore, observe that 
^ occurs in (3) but not in (4). Each occurrence of ^ alone or in an interaction with an 
endogenous or exogenous variable of (3) provides an exclusion restriction on (4). Finally, 
in my example I have ignored the 15 available cross-equation parameter restrictions. Such 
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Joint production does not hinder identification. In fact, it is known in 
general that such interactions and the nonlinearitics whicli result do not 
hinder (and commonly assist in) identification.^^ 


V. Conclusion 

The household structural form that 1 have identified with the household 
production function approach does not and need not contain commodity 
shadow prices as predetermined or supply-determined variables to which 
causality can be imputed but contains them, rather, as functions of both 
the exogenous variables P and the endogenous variables Z. The house¬ 
hold’s structural form contains only functions having conventional 
neoclassical properties, with each function related solely and identifiably 
cither to preferences or to technology. Causality ran be imputed to 
explainable taste and technological change and to variations in the 
exogenous variables (T, /t). The existence of joint production poses no 
problems in the modeling of household structure. 

Poliak and Wachter also discu.ss the formidable problems involved in 
defining and measuring commodity-consumption quantities. Those 
issues are independent of Poliak and Wachtcr’s more fundamental 
critique of the theory underlying the household production function 
approach, and I have abstracted from such measurement problems. 
Nevertheless, measurement problems cannot be ignored in practice, and 
they undoubtedly exclude many household decisions from the domain of 
attractive applications of the household production function approach. 
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Reply: "Poliak and Wachter on the 
Household Production Approach" 

Robert A. Poliak and Michael L. Wachter 

University of Pennsylvania 


In his comment on our paper, “The Relevance of the Household Produc¬ 
tion Function and Its Implications for the Allocation of Time” (Poliak 
and Wachter 1975), William Barnett (1977) raises three general issues. 
They involve the following; (1) the role of commodity shadow prices, 
(2) the identification of structural parameters when the household’s 
technology exhibits joint production, and (3) the proper estimation of 
the structure. We deal with them sequentially below. 

We said and Barnett agrce.s that there arc serious coneeptual problems 
in distinguishing between utility and production processes. In addition, 
there are important measurement problems in the variables that appear 
in the empirical household production literature. Barnett does not raise 
any issues connected with our discassiou of the.se points, nor does he 
offer any resolutions of the problems. Hence, for the purposes of this reply, 
we shall avoid these issues and assume that the otitputs of the relevant 
houschtild production processes can be directly observed and measured 
and that the data on these outputs are available.' 

On the issue of commodity shadow prices, Barnett agrees with us that 
they have no explanatory power as independent variables in the com¬ 
modity demand functions. Barnett, however, attempts to rescue the 
formalism of the commodity shadow-price model by observing that the 
optimal solution to the household’s production-consumption problem 

rhe authuis are professors of rcononiics at the University of Penrcsylvania. This note 
and the oiiginal paper were supported by grants from the National Science Foundation 
and the .National In.stitutc of Health and t.'hild Dev'elopinent. Paul J. Taubnian and 
Terence J. Wales provided valuable roiiinuiUs. 

‘ In dealing with Barnett’s comment on commodity shadow prices, it is useful to dis- 
tinguiish between the “household production approach” and the “cninnindily .shadow- 
price approach.” The former postulates that the household may be viewed as combining 
"market goods” and time to produce “basic commodities" which are the arguments of 
the household’s utility function. Jhc latter asserts that commodity shadow prices are 
legitimate and useful explanatory variables in the commodity demand functions. Al¬ 
though our paper did not utilize this rerminology, we endorsed w'liat we now label the 
household production function appioach, subjert to reservations about the measurement 
of the household’s output of commodities, but reject the commodity shadow-price 
approach. 

[Jfmrnal of Political Economy, 1977, vol tri. no 1] 

(O 1977 by The University of Oucago All rights reserved 
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implies a set of commodity shadow prices, 71 *. He asserts that the 
“implicit demand function” G(Z, 71 *, fi) has neoclassical properties and 
interprets this construct as an attack on our paper. We disagree that this 
rescues the commodity shadow-price approach. With well-behaved 
preferences and a convex feasible set—whether generated by monopsony, 
tie-in sales, or joint production in the household’s technology—there 
does exist a hypcrplane which separates the feasible set from the highest 
attainable indifference curve. In this sense, Barnett had definitionally 
solved his problem. The real problem, however, is not with the function G 
but with the endogenous commodity shadow prices which are its argu¬ 
ments. We believe that it is best to dispense with the semblance of 
traditional demand functions, that is, demand functions defined on 
commodity shadow prices, in the household production approach.^ 

On the .second issue, we agree with Barnett that joint production does 
not preclude identification. However, we did not assert nor do we believe 
the contrary. We specifically state that it is possible to estimate the 
houseliold’s teclinology even when there is joint production.^ Thus we 
find Barnett’s entire discussion of identification irrelevant to the issues we 
raised in our paper. 

The final issue involves the problem of estimation. Barnett argues that 
we incorrectl)' recommend estimation of a redttced form, whereas he 
proposes a simultaneous, structural-equation system. However, he has 
misunderstood our approaclt. 

Barnett equates the cotuniodily shadow-price approach with estimation 
ol the strut tural parameters making use of the equation system 

6 '[Z, rt(A Z), p1 = 0, (3) 

.V = F{Z, P), (4) 

which he calls the household’s “structural Ibrm.” He distinguishes this 
from an alternative approach to estimation ba.setl on the equation system 

Z^f(P,n), (5') 

.V = /,(/', n), (5'’) 

^ H.»riu*u'> trehniqm* could bo applied lo monopsony and tio-in sales as well as joint 
produciion in the household production fraiiicwork. I( “solves” any one of these problems 
only as well as i( .solves the <>ih< ».s. 

'I’o quote our paper, "Alihuu^fh the estimation of the household's technology is com¬ 
plicated by joint production, it is still possible” (p. and “even with joint production 
or nonconstant returns, it is possible to estimate the household’s technology and construct 
commodity prices” (p. 272). VVr do assert that joint production complicates estimation, 
but this is a distinct issue. E.g., in the absence of joint production and with a sufficiently 
simple error siruciure, one might attempt lo estimate the production functions for each 
commodity separately; with joint production, the estimation of the technology cannot 
be decomposed in this way. In addition, joint production may involve a specification of 
the technology and error structure with more {jarametrrs. 
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which he calls the household’s “reduced form.’’ Furthermore, he asserts 
that we recommend estimation of (5). We object on several counts. 

To see what is involved in the estimation issue, let us assume that the 
household’s preferences belong to a class of preference orderings charac¬ 
terized by a vector of M independent parameters a = (a,, . . . , a^) 
belonging to a set A (e.g., the Cobb-Douglas utility function) and that 
the household’s technology belongs to a cla.ss of technologies characterized 
by N independent parameters P — /3^) belonging to a set B 

(e.g., the Hybrid Diewert). 

The investigator’s task is to determine the values of the M + N 
structural parameters, (a, /3), from observations of the P's and /i’s, which 
are exogenous, and the ^“5 and Z’s, which are endogenous. To recognize 
explicitly the role of the structural parameters in the behavioral relation¬ 
ships implied by the household production model, we write the house¬ 
hold’s cost function as C{P, Z; P) and the commodity shadow-price 
function as 7 !(P, Z; p). Similarly, we rewrite Barnett’s structural equa¬ 
tions as 6’[Z, i:{P, Z; /?), g, a] and F{Z, P; P) and his reduced-form 
equations as/(f, /t; a, P) and h(P, /t; a, /I). 

Contrary to Barnett’s assertion, we did not suggest estimating the 
structural parameters by estimating the reduced-form system^ (5). An 
estimation procedure more nearly consistent with what wc suggest in the 
final section of our paper (pp. 272-73) involves the equation system* 

Z =/(/>, p;«,/?), 

(* 

.V = F(Z, P- P), 

where F denotes factor demand functions. Estimates of the underlying 
structural parameters (a, P) can be obtained by estimating either his 
([3], [4J) or our (*) or any number of other possibilities. In particular, 
all of the a priori information concerning the structure of the preferences 
and technology arc included in {») as well as in ([3J, [4J) and appear as 
restrictions on the values of (a, /?). We were not specific about the “correct” 
equation system because, in the empirical context of the household 


** Barnett's confusion may have arisen because we suggest thiee alternative ways of 
estimating the household's technology: (1) directly, by using data on inputs and outputs; 
(2) by estimating the cost function, using data on input piices, output tiuantities, and 
total cost; or (3) by using the implied factor demand function. It is not obvious to us that 
Barnett's approach, utilizing the factor demand functions, is superior to (or more "strue- 
tural" than) the others. 

^ Ifcxplicit closed-form solutions lor Zand Xcannot be obtained, it is possible to write 
these equations m implicit form. In traditional demand theory, it is seldom possible to 
obtain explicit closed-form solutions for the demand functions X = h{P, ft) by maximizing 
a utility function V(X) subject to the budget constraint. 
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production literature, it depends upon the particular problem being 
investigated.*’ 

Barnett correctly points out that simultaneous estimation of all of the 
parameters of the household’s tastes and technology is desirable on 
econometric grounds, and he recommends a full information maximum 
likelihood approach. Practitioners of the household production approach, 
however, should derive little comfort from Barnett’s econometric proposal. 
Rc.stricting the hou.sehold production model to situations in which 
estimatitjn of the structural parameters of complete systems is possible 
severely reduces its usefulness as a framework for empirical work. A 
formulation of the hou.sehold production approach which does not rely 
on commodity demand functions defined on commodity shadow prices 
can be a useful basis for empirical research. Some compromise is there¬ 
fore needed between the current practice of single-equation estimation of 
commodities as a liinction of commodity shadow prices and Barnett’s 
comftlete system approach. 
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Money^ Employment and Iriflation. By RobertJ. Barro and Herschel I. Grossman. 
Cambridge: Cambridge University Press, 1976. Pp. 264. $13.50. 

Traditionally, the beginning economics student learns that equality of supply and 
demand is the central requirement of economic activity and that actions required 
to achieve this equality arc what generate observable economic outcomes. At the 
broadest macroeconomic level, the operational relevance of this requirement 
follows immediately from a twin presuiiipiion of insatiability of the relevant set of 
desires and limitations on at least some of the resources available to meet them. 
Once equipped with this essential notion, the student of macroeconomics tradi¬ 
tionally proceeds to consider the nature of the supplies of and demands for several 
dilTerent ingredients of an idealized economy—one or more kinds each of con¬ 
sumer goods, labor services, and assets—in such a way as to achieve two objectives: 
I’irsr, from the standpoint of what goes into them, each of these various supply and 
demand relationships should be plausible in icim.s of whatever economists know 
(or think they know) about human behavior and physical technology. Second, 
from the standpoint of what comes out of them, the joint implications of all 
of these .supply and demand relationships should be consistent with the patterns 
of macroeconomic outcomes actually observed. Both objectives arc relevant to 
Robert Barro and Herschel Grossman’s thought-stimulating book. 

The main contribution of Barro and Grossman’s work lies in the attempt to 
devise a macroeconomic system which, taken on its own terms, is capable of 
generating outcomes corresponding to observed depressions (or recessions) of 
economic activity. Devising plausible macroeconomic supply and demand 
functions capable of generating, via gencial market-clearing equilibrium, under¬ 
employment outcomes similar to those often observed in large industrial economies 
has proved a difficult undertaking. Imaginative economists have postulated a 
variety of functional shapes and shifts intended to meet this objective, but still 
the net result has been unsatisfactory. Again.st this background, Palinkin (1949, 
1965) working from one direriion and Clower (1965) working from another 
suggested that economists might be making the task unnecessarily difficult by 
imposing the requirement of market-clearing equilibrium. Exploiting the distinc¬ 
tion between “notional” and “effective” supplies and demands, as developed by 
Clower and subsequently Leijonhulvud (1968), Barro and Cirossman (1971) used 
an apparatus similar to Mundcll’s (1964) to formulate a model of general market 
di.sequilibrium by symmetrically pairing Patinkin’s trcalmeni ofsaJe.s-consiraincd 
firms with Glower’s treatment of employment-constrained households. Indeed, 
the symmetry of the resulting modePs construction would be even more pro¬ 
nounced but for the (artificial) assumption that households hold money balances 
while firms do not. 

Chapter 2 of Barro and Grossman’s book, which the authors rightly idenuly 
as the book’s “analytical core,” elaborates in detail the workings of this general 
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disequilibrium model. Based on an underlying Patinkinesque general market- 
clearing equilibrium model developed in chapter 1, the general disequilibrium 
model shows how, given inflexible prices and/or wages, either excess supply or 
excess demand can simultaneously prevail in both the goods market and the labor 
market. In the simultaneous excess supply case, the model has substantial appeal 
as a device for understanding protracted downturns in economic activity. Here 
the primary result is that alt exchange ratios must be at their “correct” values for 
full-employment equilibrium to prevail. Hence “too high” a real wage rate is a 
sufficient, but not a necessary, condition for underemployment, and the mechanics 
of the model bear out fully the analytical basis for Keynes’s (1936) objection to 
wage reductions as possibly counterproductive during depression. 

In addition, the general disequilibrium model exploits the principle of “volun¬ 
tary exchange” (when supply and demand differ and price cannot adjust to 
equate them, the amount traded equals the smaller of the two) to establish an 
implication of this result which, in contrast to the symmetry of the model’s 
construction, is crucially asymmetrical. In particular, any deviation from the 
price-wage vector associated with general market-clearing equilibrium will lead 
to unrfrrcmploymeni of labor and wnderproduction of output. Stated conversely, 
the implied proposition is that, given a fixed price-wage vector which would 
clear all markets in the absence of exogenous disturbances, either increases or 
decreases of government purchases will cause employment and output to Jail, as 
will either increases nr decreases of the money stock. This implication is somewhat 
startling, and it in turn bears yet further intriguing implications not only for 
judging the prospective use of monetary and fiscal policies but also for empirically 
testing the effectiveness of these policies in the past. 

In view of (1) the theoretical appeal of marrying the symmetrical propositions 
of Patinkin and Glower, (2) the potential empirical applicability of the model’s 
simultaneous excess supply case, and (3) the unusual nature of the resulting 
asymmetry implication for policy, it is not surprising that Barro and Grossman’s 
general disequilibrium model has attracted substantial attention during the past 
several years. 

The remaining five chapters of the book take up additional topics, primarily 
developing them within the context of the general market-clearing model of 
chapter 1 but also, along the way, showing that it is possible to append them 
to the general disequilibrium model too. In each case the most interesting and 
thought-provoking parts of the analysis are those relating to the model’s dynamics. 
Chapter 3, for example, incorporates a treatment of financial assets and invest¬ 
ment. Here the principal value added over Patinkin’s model is to show that, by 
allowing for the effects of asset slocks in shifting schedules over time in the manner 
of Blinder and .Solow (1973) and l obin (1976), it is possible to represent the gen¬ 
eral disequilibrium model in a form analogous to an IS-LM model. Chapter 4, 
which relies entirely on the general market-clearing model, adds a partial-adjust¬ 
ment representation of goods price movements together with either exogenous or 
adaptive expectations of the resulting price change. Here the short-run effect 
of money on real and nominal asset yields is as Mundell (1963) argued, while the 
long-run non-superneutrality of money is as in Tobin (1965) or Foley and 
Sidrauski (1970). Chapter 5 adds a partial-adjustment representation of nominal 
wage movements, augmented by expectations after Phelps (1967) and Friedman 
(1968). Here the principal result is that, under specified conditions, the general 
disequilibrium model reproduces the familiar combination of a nonvertical 
short-run and vertical long-run Phillips curve, as well as elliptical movements in 
Phillips curve ([{\/W}{dW/dt)], V) space in either Lipsey’s (1960) clockwise 
direction or Phelps’s counterclockwise direction. Chapter 6 adds partial-adjust- 
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mcnt representations of the short-run demands for money and for goods (toward 
the respective long-run demands) and a partial-adjustment representation of asset 
yield movements (thereby introducing the possibility that the asset market docs 
not clear). 

What is the net, however, of all of this further elaboration of the basic model? 
Given a model of general disequilibrium in the sense of the nonnecessity of market 
clearing, the most important positive and normative questions seem to be these: 
First, from a positive viewpoint, since the analytical replacement for the standard 
requirement of supply-demand equality is some presumed sluggishness of prices 
and/or wages and/or yields, what is the character of these all-important dynamic 
adjustments? As an implication of these adjustments, is there any tendency for 
the system to return to equilibrium? More specifically, as Lcijonhufvud has put 
the question in the Keynesian context of unutilized labor resources, is the dis¬ 
equilibrium generated by the model temporary, or is it a true “underemployment 
equilibrium*’? Second, from a normative viewpoint, given whatever knowledge is 
available in answer to these and other positive questions, what is the correct 
response (if any) of monetary and/or fiscal policy ifsuch a general disequilibrium 
situation exists in sufficient intensity to render its protracted continuation socially 
unacceptable? 

While the general disequilibrium model which Barro and Grossman present in 
chapter 2 provides a useful conceptual framework for asking these c(ucstions, the 
further elaboration of the model in the remainder of the book docs not provide 
the answers. The fundamental stumbling point is that—in company with econ¬ 
omists in general—Barro and Grossman have notsolved the pioblcm of generalized 
price dynamics, Throughout the book, therefore, they analyze side by side both 
their Patinkinesque general equilibrium model, in which all markets always 
clear and prices and wages and yields are always at rheir equilibrium values, and 
their general disequilibrium model, in which some price or wage or yield is fixed 
ad hoc and consequently some markets do not clear. They provide no way to put 
these two models together. In the general disequilibrium model itself, for example, 
economic agents who need to form expectations about the future simply assume 
rhai the currently prevailing disequilibrium situation will persist for an exogenous 
^ of the N years in their planning horizon and that cquilibniiin will prevail 
thereafter. The prevalent dichotomization of the book’s contents pievents assem¬ 
bling a consistent model to use in assessing the overall evolution of th<‘ macro¬ 
economic system either on its own or in the presence ol external policy siimuli. 

Why does this problem of dichotomization arise? J his reviewer’s diagnosis is 
that, of the two objectives of macroeconomic model building cited above - 
individual theoretical plausibility of the model’s component relations and their 
collective consistency with frequently observed outcomes—Barro and Grossman 
have made more noticeable progress in the direction of achieving the second. 
Indeed, it is the ability to describe economic depressions which, on the whole, 
constitutes the primary interest of the general disequilibrium model. In the book’s 
introduction, however, Barro and Grossman also explicitly acknowledge the first 
objective—that is, to present . a comprehensive choice-thcoretic analysis of 
the determination of the level of unemployment and the rate of inflation ... to 
explain the critical aspects of individual behavior in terms of the motivation ol the 
individuals involved and the constraints which they face.” It is in this direction, 
the attempt “. . . to rework the theory of macroeconomic relations through a 
reexamination of their microeconomic foundations,” that their book is somewhat 
less successful. More important, from the standpoint of implications for further 
research, it is probably through deriving key macroeconomic relations more 
closely from underlying microeconomics that future work will be able to break the 
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fundamental cquilibhum/disequilibnum dichotomy of Barro and Grossman’s 
two models, 

Barro and Grossman do introduce some of the macroeconomic relations in their 
model, particularly those describing ihe behavior of households, by considering 
the undei lying utility maximization process. '1‘hc net importance of much of this 
analysis for the model, however, is not readily apparent. 'I he labor supply, goods 
demand, and money demand functions in the general equilibrium model of 
chapter 1, for example, arc nearly identical with those in Patinkin’s model. 
(Since nonwage wealth Q usually vaiies only with price level P in much of the 
analysis, most read<‘rs familiar with Patinkin would have found the exposition 
easier to follow if the relevant axes of the diagrams were consistently labeled with 
P, instead ofO in some places and P in others.) Furthermore, in the disequilibrium 
context of chapter 2, the explicit treatment of consumption along the lines of the 
life-cycle model requires, once again, that households rely on (exogenous) ex¬ 
pectations that the disectuilibrium will persist for N more years and then give way 
to equilibriLini; given these expectations, the resulting expressions for constrained 
household behavior follow in a straightforwardly analogous way. Once nonmoney 
as.sets an* introduced in chapter 3. the money demand function also includes a 
iransaclioris cost t(‘rni y as in Baumol (1932) and Tobin (1936), and an additional 
equation determines the optimal transactions frequency i>; but y and u are largely 
excess baggage after being introduced, playing hule or no further role in the 
model. By conirasi, the treatment of investment behavior bv firms is substantially 
(ess thorougli. 

Most iniportani, howeter, little or no “micro foundation” underlies the 
liiniied adjusiabilits- ol prices and wages--which is, after all, crucial tothccxistence 
of ilu* gi’iieral disctiuilibrium m the first place. Furthermore, the various partial- 
ad|usirnciii models which Barro and Grossman use to dt'sciibe the dynamics of 
prices and wage.s (and asset yields) are laigely inronsislerU with the construction 
of tfie general disec(uilibrium model its<'ll. 1 h<* partial-adjusim(“nt equations 
uitroduced ai the end of chapter 2 relat<* the lime rales of change of prices and 
wages to llie difleicnces between efVectivc demand and efreelive supply in the 
good.*? matkel and the laboi inaiket, le.spectivcly, and in chapter 6 an analogous 
equation relales llu* time rati* of change of asset yields to the difference between 
elVeclive demand and effective supply m the asset market. If effective supply and 
demand in any niaikel differ (for more than an unobservable instant), however, 
then what i.s the inearung of the "ionstraints” subji'ct to which the general 
di.sequilihuum model supposes that market participants behave? Conversely, an 
altei nativ e set of partial-adjusiineni equations for pric(*s and wages, inlioduccd 
ill chapter 4, assumes that the time rates of change ol these variables depend on 
the lelcvaiit notiunal demands and supplies; but a fundamental motivation for the 
general diseijuilibrium model is that it is clfcclive, rather than notional, demands 
and supplies which determine actual market behavior. 

The dynamic relations specifying the determination of prices and wages are 
the elements of the model for which careful investigation of the underlying 
microeconomics, specifying exactly who is setting exchange ratios, and with what 
objective.s and under what constraints, would probably be most beneficial. Just 
as Barro and Grossman repeatedly emphasize that trades do take place in the 
absence of a Waliasian auctioiwcr (and without reconlracting), it is essential to 
lecogmze that exchange ratios are somehow set in the same process. Price- and 
wage-setting behavior m a non-Walrasian context is now the object of widespread 
research, and the largely unstated mes.sagc of Barro and Grossman’s book is that 
progress on this front is necessary before economists can answer the key positive 
and normative questions posed above about the working of a general disequilib¬ 
rium system. 
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This reviewer’s conjecture is that it will prove essential to incorporate into such 
price- and wage-setting models the informational implications of some apparently 
fairly mundane mechanical aspt'cts of the workings of non-Walrasian markets. 
For example, do employment-constrained workers learn that jobs are unavailable 
by applying at personnel offices, in which case firms accjuirc information about 
labor supply conditions, or by reading newspaper want ads, in which case firms 
gain no incremental information? VVhai are the implications for price-setting 
behavior of the way in which firms learn that the\’ aic sales constrained? Heic, as 
in many other aspects of the analyses, extending the model to permit inventory 
holdings is probably an essential next step. In addition, once firms may hold 
inventories, the role of the rtedil markets becomes cenlral to ihe meaningfulness 
of either sales-constrained or employment-constrained behavior since, in the 
absence of credit market eonsirainis, firms may produce beyond sales and house¬ 
holds may consume beyond income. Can credit inaikrl institutions then also 
play a role in transferiing iniortnation among firms and households? 

Apart from the specifics of any one model of pi ice and wage dynamics, it seems 
clear that the way to push beyond the insightful model of Barro and Grossman’s 
chapter 2—that is, the way to integrate this genet al disequilibrium model with the 
corresponding general equilibrium model -is to derive a satisfactory model of 
limited-flexibility price and wage adjustment. Seen from one perspective, this 
task amounts to focusing on micro foundations; seen from another, it amounts to 
capturing macro dynamics —but, at least in this case, the two are the same. 

Bknjamin M. Friedman 

Harvard UriwetMty 
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Public Assistance to Industry: Protection and Subsidies in Britain and Germany. Edited by 

W. M. CoRDi-.N and Oi.kmakd Fri.s. 

London: Macmillan Co., 1976. Pp. xxv-1-233. ^^lO.OO. 

9’his book presents six research studies containing basic information about the 
ways in whicli the governments of the Federal Republic of Germany and the 
United Kingdom have assisted or piotcctcd their iitdustries. An introductory 
essay by C’orden and Fels summarizes the studies, and the book concludes with a 
discussion by Coiden ol'the logic of government intervention, recent developments 
in Britain, and various policies to accomplish the same goals at lower cost. 

Hiernenz and Rabenaii calculate clfective protection for 34 German industries, 
concluding that raw matetial and/or labor-intensive industries benefit most from 
di.scriruination against foreign suppliers. They note that this discrimination limits 
the access of developing nations to German markets, because these nations are 
typically the main competitors in law material and labor-intensive products. 

Oltoii deteinunes rales of clfective protection for Britain before she joined the 
EEC^ He tests several hypotheses relating to the structure of British tarifis and 
finds that it cannot bo regarded in any sense as a logical systt^m of indirect sub¬ 
sidization of British industry. Rather, the tariff structure of the 1960s is a collection 
of tarilfs which were imposed at various times lor various reasons and had ceased 
to be very relevant to the problems of the British economy at that time. 

In the next chapter lets echoes OUon's appraisal ofihe nature of British protec¬ 
tion ill the German context. He evaluates Gcnnan assistance policy m both a 
qualitative and a siaiislical manner and allows for both tariff and various non- 
lariir as.si.siaiice rncchanisnis. He suggests replacing “survival assistance” with 
“leslructuring as.sistancc” and argues that to make economic integration politic¬ 
ally feasible inrentivos must be u.sed to move resources out of protected industries 
before the level of protection ran be rut. Relatively unskilled Gastarbeiter cause 
dise< oiionnes m llie form of social and human problems, and German white-collar 
woikers are in danger ol becoming unemployed. Thus, he argues, incentives should 
be developed to divcit investment so as to bring about a higher relative demand 
for trained and qualified labor, which would complement the effects of more 
reslrictive immigration laws and market mechanisms in stimulating such a 
restructuring. 

While Fels makes some attempt to rank alternative policies, I feel that he over¬ 
looked certain possibilities and could have been more critical of the government’s 
welfare function which, for the most part, he took as given. For example, he writes 
that the objective of regional promotion programs “is to provide a more equal 
distribution of income and living standards in all parts of the country.” He sug¬ 
gests that a superior policy would be to replace the subsidy on physical capital 
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with one on human capital, which may or may not be true. But if the govern¬ 
ment’s welfare function is as stated, and interregional migration is ignored, the 
best policy would be to subsidize ail labor income in the depressed regions with 
income raised b>’ taxes elsewhere. Clearly, this meets the stated goal with less 
deadweight loss than “the investment premia” used to do the job. However, it 
seems to me that a superior principle would be to tax equals equally and use 
regional incentives to overcome true externalities like congestion or pollution 
which is more severe in some regions than others, and even this is appropriate 
only if congestion or pollution cannot be taxed at appropriate rates, which would 
vary from region to region. 

Similarly, he cites the slowness of relative wages to alter as a justification for 
other interventions without mentioning that the best policy would be to stimulate 
relative wage flexibility. It is also possible to devise mechanisms which deal more 
imaginalively with the political constraints in order to achieve greater efnciency. 
For example, when protection is a response to labor’s demands and labor in an 
industry is successful in its bid for protection, it would be desirable to lax all 
capital in the industi'y and all further immigration of labor into the protected 
industry at the effective rate of protection accorded to that industry and dis¬ 
tribute enough of these revenues to the labor that was already there to leave its 
wage unchanged. This would reduce the trade distortion, increase the revenue 
of the treasury by increasing both tax and tanlf revenue, and encourage the 
substitution of old labor for capital. In the longer run, this would help the industry 
to decline with the natural attrition of us old labor force, ilicreby redressing the 
political balance so that eventually the political strength of consumers, capitalists, 
and new labor in the industry would dominate the strcngih oi'old labor. At ihis 
time it would become politically feasible 10 simultaneously dispense with the 
protection and the tax. Of course, tlie difficully with any kind of adjusiinent 
incentives or special subsidies is that individuals have an incentive to move into 
indusiri<‘s or slay there if they anticipate being paid to subsequently leate. But 
this proposal seems to dominate protection by itself. 

Denton gives a comprehensive account of the various interventions by govern¬ 
ment in British industry since 1960. His conclusion is that an implicit political 
decision has been made to prcveiu uneinployinent and hence to use labor mobility 
to reallocate production in light of changing comparative advantage. He cites as 
costa in terms of output, external payments, inllaiion, and, in the long term, em¬ 
ployment itself. He notes that the incenliv'cs to efficiency and to refrain from 
making, or to resist, inllalionary wage demands are removed if it is assumed that 
govertiment.s will always rescue firms that arc in trouble. Finally, he nolc.s that 
as the overall allocation of resources deteriorates the ulliniaU* cost in terms of 
employment required to restore rational resource allocation must increase. 

I'hc Iasi two studies compaic piotection of the (ierman and British textile 
industries. Ncu notes that German (extilr.s are protected primarily by a quota 
which limns expansion by developing nations into the German market; Mills 
presents an interesting case study of adjustment a.ssisian('e in hvi discussion of (he 
varied techniques u.scd to help the British textile indusliy adju.st to foreign com¬ 
petition without generating severe unemployment. 

In his concluding essa>, Corden v'iew.s government inierveniion as the product 
of a “conservative social welfare function” which stimulates goveinments to act 
to prevent any group from taking a cut in real income. These costs might lake the 
form of reduced real wages or the psychic cost of moving. Such actions, he notes, 
do not foster change and growth, and there are always political pros.sures to 
extend them. If the maintenance of employment in an industry is the largiM, an 
employment subsidy dominates a subsidy to value added, which in (urn dominates 
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Public Asnslance to Industry: Protection and Subsidies in Britain and Germany. Edited by 

W. M. CORDKN and GhRIIARD Fels- 
Loiidon: Macmillan Co., 1976. Pp. xxv + 233. ^(,10.00. 

This book presents six rcsoaich studies containing basic information about the 
ways in which the governments of the Federal Republic of Germany and the 
United Kingdom have assisted or protected their industries. An introductory 
essay by Corden and Fels summarizes the studies, and the book concludes with a 
discvission by Oirden of the logic of government intervention, recent developments 
in Britain, and vaiious policies to accomplish the same goals at lower cost. 

Ifiemenz and Rabenau calculate eflTeciive protection for 34 German industries, 
ronrluding that raw material and/or labor-intensive induslncs benefit most from 
discrimination against foreign suppliers. 9'hey' note that this di.scrimination limits 
the access of developing nations to German markets, because these nations are 
typically the m.'iin compentors in raw material and labor-intensive products. 

OlioM determines rates of effective protection for Britain before she joined the 
EEC. He tests several hypotheses relating to the structure of British larifl's and 
fmd.s that it cannot be regarded in any sense as a logical system of indirect sub- 
sidi/atioti of British iiidusti y, Ratlier, the taiiff structure of the I96()s is a collection 
of laiiffs which weie imposed at various times for vaiious reasons and had ceased 
to be very relev ant to the pioblenis of the British economy at that time. 

In the next chapter Fi'Is echoes Ollon’s appraisal of the nature of British protec¬ 
tion m the (iciman context. He evaluates German assistance policy in both a 
qualitative and a statistical manner and allows for both tariH’and various non- 
(uiiff a.ssi.slance mechanisms. lie suggests replacing “survival assistance” with 
“resliucliu ing assislanc<’” and argues that to make economic integration politic- 
allv feasible mtenlives tmisl be used to move resources out of protected industries 
before the level of protection can be cut. Relatively unskilled Gastarbeiter cause 
diseconomies in the form of social and human problems, and CJerman white-collar 
workei s are In danger of becoming unemployed. Thus, he argues, incentives should 
be devrlo|>ed to divert investment .so as to bring about a higher relative demand 
for tiained and qualified labor, which would complement the effects of more 
restrictive immigration laws and market mechanisms in stimulating such a 
restructuring. 

While Fcis makes some attempt to rank alternative policies, I feel that he over¬ 
looked certain possibilities and could have been more critical of the government’s 
welfare function which, for the most part, he took as given. For example, he writes 
that the objective of regional promotion programs “i.s to provide a more equal 
distribution of income and living standards in all parts of the country.** He sug¬ 
gests that a superior policy would be to replace the subsidy on physical capital 
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with one on human capital, which may or may not be true. But if the govern¬ 
ment’s welfare function is as stated, and interregional migration is ignored, the 
best policy would be to subsidize all labor income in the depressed regions with 
income raised by taxes elsewhere. Clearly, this meets the slated goal with less 
deadweight loss than “the investment premia” used to do the job. However, it 
seems to me that a superior principle would be to tax equals equally and use 
regional incentives to overcome true externalities like congestion or pollution 
which is more severe in some regions than others, and even this is appropriate 
only if congestion or pollution cannot be taxed at appropriate rates, which would 
vary from region to region. 

Similarly, he cites the .slowness of relative wages to alter as a justification for 
other interventions without mentioning that the bc.st policy would be to stimulate 
relative wage flexibility. It is also possible to devise mcchani.sms which deal more 
imaginatively wiih the political constraints in order to achieve greater efficiency. 
For example, when protection is a response to labor’s demands and labor in an 
industry is successful in its bid for protection, it would be desirable to fax all 
capital in the industiy and all further immigration of labor into the protected 
industry at the effective rate of protection accorded to that industry and dis¬ 
tribute enough of these revenues 10 the labor iliai was already there to leave its 
wage unchanged. This would reduce the trade distortion, increase the revenue 
of the treasury by increasing both lax and tariff revenue, and tmeourage the 
substitution of old labor foi capital. In the longer run. this would help the industry 
to decline with the natural attrition of its old labor force, thereby redressing the 
political balance so that eventually the political strength of consumers, capitalists, 
and new labor m the indusiiy would dominate the strength of old Jaboi. At this 
time it would become politically feasible to simultaneously dispense with the 
protection and the tax. Of course, the difficulty with any kind of adjustment 
incentives or special subsidies is that individuals have an incentive to move into 
industries or stay thcie if they aniieipatc bring paid 10 suhsrqurnily leave. But 
this proposal .seems to dominate protection by itself. 

Denton gives a comprehensive account of the various inicrvcntion.s by govern¬ 
ment in British industry since 1960. His conclusion is that an implicit political 
decision has been made to prevent unemployment and hence to use labor mobilit) 
to reallocate production in light of changing comparative advantage. He cites its 
costs in terms of output, external payments, inflation, and, in the long term, em¬ 
ployment itself. He notes that the incentive's to efficiency and to refrain from 
making, or to re.sisl, inflationary wage demands are removed if it is a.ssurncd that 
governments will always rescue firms that aic in trouble. Finally, he notes that 
as the overall allocation of resources deteriorates the ultimate cost in terms of 
employment required to rcsloic rational resource allocation mu.st increase. 

The last two studies compaic protection of the (German and Brili.sh textile 
industries. Ncu notes that German textiles are protected primarily by a quota 
which limits expan.sion by developing nations into the German market; Mills 
presents an inlercsting case study of adjustment assistance in her discus.sion of the 
varied techniques used to help the British textile industry adjust 10 foreign com- 
petition without generating .severe uneniploymeni. 

In hi.s concluding essay, Gorden views government intervention as the product 
of a “conservative social welfare function” which stimulates governmenl.s to act 
to prevent any group from taking a cut in real income. These costs might take the 
form of reduced real wages or the psychic cost of moving. .Such actions, he notes, 
do not foster change and growth, and there are always political pressures to 
extend them. If the maintenance of employment in an mdusliy is the target, an 
employment subsidy dominates a .subsidy to value added, which in turn dominates 
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a tariff or quota. Moreover, if rt licfofa real income fall is the goal, a subsidy on 
uncniploynirnt may be superior to the subsidization of uneconomic unemploy* 
mcni. Similarly, the first best policy for dealing with balance-of-payments deficit 
IS exchange-rate change. Finally, he conjectures with respect to the British auto 
industry: “It is possible that for historical reasons Britain has a comparative 
disadvantage in an a('tivii> which depends particularly on skill in industrial 
lelaiions and which is notably susceptible to the effects of industrial disruption.” 

I’o summarize, ihe.se analyses of historical experience indicate that industrial 
a-ssistance policy in Britain and Germany lias been determined with little attention 
paid to first best insliurnenls or the long-run consequences of interferences with 
market mcchanisni.s. 

EdW VRO Towkk 

Duke linin'} \it\ nnd Simon f'rau'r Unn>tr^i/y 


Tfw /liiirHffni. Uy Richard B. Frki-man. 

New >'ofk: A( ademic I’ress, I'l7(i. I*p 218. $4.*)5 (paper). 

riic title of this fiook i.s misleading. Both (rained economists and popular readers 
I'llu' laigei audiiMice) will almost certainly inu'ipiei it assuggesung that t'xccssive 
le.souKcs base l)e<*ii devoted to Ainciiean liighei education. Freeman has a 
dilVeMMit m(<’r|)ieia(ion in mind, howev<*r. He m<*ans that graduates of American 
MMiveisUies ai<' o\<'i<*ducat<*d in the sense that llum expceUillons concerning the 
value (>1 their eduraiam have Ix'en maciuiatelv sangume in the vreent past. He 
.ugues lui'thei (hat, as du'se <*xpectulions are modifu’d towaid more realistic levels, 
till' lale of colfi'i.’e going h.is and will diminish, witli obvious uiipleasani 
( ussioiis loi supplier s of Ingliei eduCtilion. 

I lie (enli'i pie( e of (lie wot k IS f'leeman’s by now I'amiliar “cobwi'b” model of 
ilie m.ukri foi highi'i edueatioii. High wages lor graduates are alleged to elieil 
eniollmenis VNluch oseishooi the loiig-iun .st<*ady-state sup[)ly. K'sultmg in cor- 
respoiuhng undeieniollments in die gltu part ol the evtle. This mode! is used to 
analv/e a numhei ol individual mark<'(Nsu<'h as lhal foi leaeheis, engineers, and 
lawsei.s as well as lhal amorphous aggi<*gatc, (he inaikel for barhi'loi *s degree* 
lecipienls. Flic posiwai sia-naiios piesenl<*d by eacli of llu'se analyses are quite* 
smiilai, suggesling [iiahaps moi<* inK'idepe'iKlency among these markets than is 
eompatihle vviili the sialistieal (le.iiiiH-iU given them here. At any rale, that 
conimon pirlme lelleeis a Mgoious postwai maiki*! In which the demand for 
giadviates gii’vv Ki)>idly emnigli to absoib the evi'i-inercasing piopoilion of a 
deuiogiaphiealK glowing population ol college-age men and woinem. It then 
depicts a bust ol imuMial severiiv beginning in the late IPOOs. 

I’hi ei* iiilluenees coni lihu ted signifie anlly to this decline. 1 he first of lliese was 
a ladicr diaiuatu slovsdown in die* giowtli of demand for college giaduales. 
fanploymeiii in collcge-manpoweT-iiitensive Industrie's, whieh had grown at an 
amuial lale* ot 1 -I pi’ieent in die I'XiOs, grew be'tweem 1989 and 1974 at only 
2.8 pi'ieiMU. I'he supjily of gi aduate-s, o»\ the* other hand, giew e|uile explosively. 
As uMpreccdenlexl iiuiuhers of giaduatevs of die 19fi0s weic diawn into giaduatc 
se hool.s, the “bain boom” cohort of giaduatcs did not i evieh the mai ket until neai 
the end of the decade. \V4ien (he* giaduale'-educalion bubble finally burst, the 
effect on the marke'l for coll<*gc-iraine*d inanpow<*r was .startling. In the three 
vears fiom 19b9 to 1972. the* number of male college giaduales seeking work 
relative to the total woik force increased threefold. Finally education, which is 
Itself an iniportanl user eif graduates of the educational process, is subject to an 
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accelerator-Iike process of unusual force. Changes in the size of the educational 
industry must themselves be accommodated through the use of its own output. 
Thus, as college enrollmctits declined, the market for academics, like the tip of a 
whip, cracked resoundingly. 

While this inlcrprelaiion of postwar developments in the education sector is 
interesting enough, the anaKsis and evidence arc far from conclusive. This readci 
wishes that the book had de\ oted (1) more ink 10 the host of interesting economic 
issues raised by these findings and ('2) less to the prcscntaluin of seinidigeslrd facts. 
Instead of contrasting his scenario with competing explanations foi tlie declining 
educational market and developing empirical te.sts which difl'creniiate among 
these hypotheses, his discussion veers ofl into peiipheral issues (i.e., race and sex 
discrimination) which are not itiuininaied b\ the coliweb model. 

A thoiough analysis of the <ob\veb inod<-l mtglu have eliminated some of the 
ambiguities which plague llie text. Perhaps the most eiitital concerns the role oj' 
supiiheis of highei edutatton in the dynamics of the nicjclel. Toi, tfiough the 
influence of supplltas repcatedK cr<ips up in the verbal discussions (pariicularlv 
with refeiprice 10 go\rrnmental reactions 10 Sputnik and llie protyrlira) results 
of congressional supjKiri for highei <‘ducaiion), lh<‘ model itself seems to treat 
enrollments as dcicimined exelnsivelv b\ th<* pr<*dieted value of ihe training 
offered, that is, by deniandeis. Oleaily this is an oversimplifieanon. 

Unless univeisitii's and ilu'ir suppoiteis respond slavishlv to the applicant rate 
and Ignore any oduu considerations in determining capacity, the model is nus- 
spi'cified, and (‘Siimaies and forec«isis will contain bias, hret'inan’s model wants to 
convince us that ilu* boom and l>ust i<*cernly experienced in liigher education are 
the result of an lueHicic'ni algorithm lot esliinating <\pett(‘cl I'aiinngson (he part 
of potential univ'<'isuv students. A plausible alternanve livpoihesis ronsislem with 
mueb ol tin* anecdotal <lis('nssion is that the cobweb I’xisls not on ibo demand 
side Imt tm the supply side of the market for higher education. 

A recursive ad|us(meii( model containing both demand and .sup()l\ beliavior 
has been developed and esliinaled for the medieal-i-dut aiion maikei iJands.iv, 
(fail, and I.efller I97ti'). It suggests that variance in eiirollmenl liere is explaint'd 
predominantiv bv'supply rather than d<*mand mlliK'nres. Siupiismglv Kreeinan, 
in his lengihv discii.ssion ol inr^diral edncaiion, does noi esiiinale r'ven liis simple 
modt'l for medical-school emollmenls. Il.id he done so. msU .id of reiiashing some 
obsolete findings of oiheis aiul ovi’istaimg tlie conclusion which mav be legm- 
matelv drawn fioni ihem, In* might noiiercl that iheje is lililr m the postvvai 

histois of tills mark<'t tat least in responsi\<MH*ss t<i maikin conditions; whith 
differentia(es it signifieautlv fioin (host* o(h<“r inaik(*is which ite believes fVinclion 
sOKjCithlv. Individual medir.il-sehool eMrolliiu-nls are not signilitam 1\ lelaied (i» 
their apjihranls but ate highly lesponsue to "oplmial capat ii\'’ defuiecl in lei .us 
of “zero rent" storks in lh«‘ medieal-caie sector ('Uindsas et ah. chap. 7i. 

Ollu-r opportunities to raise and devil with issues of considerable inletesl and 
importance weie missed. PerJiaps the most obvious oi these is how. in the hu ( ol 
mounting evidence 011 1 lie i ationality of expi-ctatious in other luai kels, experiations 
of college giaduates and (hose obtaining advanced clegrees cart havt‘ (aic'd so 
dramatically. I''ieenian’s iesulls seem loaltcvsl to iJir cone liision lhal 19()B earnings 
of college graduaU'S weic* not tlie best ineasuie of exjn-elt'd eainings ovei the 
caieei of soiiiroiie entering die luarkel in tfuit \eai. Ve t his aiialv.sis assumes, 
without apology 01 e.xplanation, that this is pieeiselv du' variable employed in 
the derisions of these applicants. It should be pointed out that, if cm oilments wei e 
influenced by educational planneis with eoricrt expectations, then cobwebs of 
this type would not result - even ii appliranl.s Ix'liavecl as depleted. 

Furthermore, m a book in which the lelationship between education and 
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earnings plays such a critical role, one might have expected greater attention to 
be paid to the controversy concerning whether the observed correlation reflects 
an actual causal connection between education and productivity or either (1) that 
education is a consumption good with an income elasticity greater than zero or 
(2) that formal education »s a screening mechanism. If the former is true, then 
Freeman’s forecasts for tins market are likely to be in serious trouble; and if the 
latter js tiue, we may have overeducated Americans in spades. Neither possibility 
is considered. 

This is not to argue that there is nothing to be learned fiom this book. Freeman 
makes quite plausible the possibility that cobwebs actually exist (or did exist 
before the publication of this already influential book) somewhere in the market lor 
higlier education. I'he topics raised in this book aio both timely and important, 
and ii will be widt ly read and influential for these reasons, d’his is reassuring 
because, listening to educational planners, one occasionally is led to wonder 
whether ilie\', in the practice of their craft, recogni'/e the implicit consiiainl on 
ihc ablins of the economy to lonsunie educational scivires posed by the demand 
foi higher education. I’here is far more than demand which is of iiuercst and 
concein in the aiea ol highei education, however, and it is uMforlunalc that 
!noi<’ ol the b<-ha\ior surrounding tin* dynamics of this intiiguing market was 
not <’xamin<‘d. li is* not enough loas.seit that Americans in tlu* cailv 1970s were 
ovei ediu aled, we should also like to know whv I Vi'eman’s book fails to present a 
foiivlncing answi't 10 this question. 

C>)i'ioN M. Lindsay 

f’rinrrsitv of Cdltfornw, Lo\ Arijurles 

Reference 
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'I'/u Intnnntioiial Ofn }<ition\ of Suhoml I’ltitis .1 Stwly of Dited FnreHJn luirstmcnt, 
lb S11 nni N 111 Riu u 1 Ih mik. 

Cambndge. Mass M I.l . Ihess, VdU. 

I lie miijoi llienH* til the Ia(<* Stephen llvineiS thesis is indeed simple. Vet that 
iJicme has {.loniin.ilet! lh<‘ bulk ol the lileiaiuK* on inti'i national diiecl investment 
and the nnilliiiaiional (nfei[>Msc suue the eaiK lOtiOs. Arcoidmg lf> Kindle- 
I HI gej \ in t mdui I ion, it was the tn simplit i t y ul J l\naa's lliesis I hat pH*\c*nled 
ii> |)i iIiIk .11 ion In llie M I.l. Fiess m l!H>(). MajOi ideas an* olteii simple; the 
work ih.'il einhodies Ilviixa’s si 1 aighifoiuatd .ind simph’ ni'lions has become a 
seinm.ii 11'h’i en( e in i nfei n;i I lona I invesi nu'iit. 

File a)ij^roarli to iiitci iialuiiMl dn<*( t iii\esliii<*nl introduced in c liapicr 1 niai ks 
one ol llie eailiei bieaks with the inleiest iat<* theory ol iniernaiiona] capiial. Fite 
(‘ssential dilfcrence between diiect and portfolio investments, demonsliated by llic 
exisieiue ol cross-imneini’iits of international rapual within industries, easts doubt 
on the geneiaiiiy of llie interest late approach. Fhe inleicst rale theory does not 
explain the essential element that characicri/e.s diiect investment, control. Control 
IS involved in diiecl international invcslrrient for two main reasons. First, direct 
investment requires roniiol for the ‘‘prudent use of as,sets” (i.e., control assists 
in minimizing risk in international venturrsj. .Second, control i.s an inlegial 
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elcmeni of international operations and serves cilhei or bolh oi iwo funciions; (fl) 
control removes compriiiion between enicrpnsrs opnaiinR in diflcrmi roiiniries, 
and (b) conirol can ensure the full appropriation of returns on certain skills and 
abilities possessed by the investing ftirii. 'riie competition/advantages view has 
developed into what has become the iiidustnal organi/aljon appioach lo iniei- 
national invesinieni. The major statement of this af>proach can be found in 
Johnson (1970) and Caves M971). Hwner’s theors of international fjpeiatioris, 
encompassing direel international invesinieni as one fotni of overseas invoKc- 
ment, is an extension of the theory ofihc liim. 1 iiins will engage m lion/onial or 
vertical integration across national br>undanes in oider to nia\inii?e leiurns. I’he 
nature of “'advantages" specific lo the firm, in lh<- context of niarkei inijjei lections 
relevant to that fnni, will deietmine the extent and the form of inieinational 
operations. This is the Ilsmer thesis. 

C’hapler 2 clal)orat<‘s the basic inip<*rfeet eornpelition approach to inierriational 
investment. A number of important features of internaiiotial operations are also 
imioduccd. In pariieulai, Hviner argues that (inns engaging in uiieinational 
operations must jX)S5es.s “advantages," such as lower -com factors; know-how skills; 
distributional and mark<-trng advantage's; <‘\p<'rtis<* tn [iroduei drlferentiatiori to 
order lo overcome the various banuTs to operating in loieign maikcis. surli as 
information costs, r-xchange-ratc* risks; and disc rnninailoii against Ibieigneis. A 
further novc'l coneopi which lia.s reec'ivc'd some' atlentioti in tec cut hleiaiuie 
(Ruckley and CiassoM [197bl and Magc'c (1977j) is that diieet uivesimeiil as one 
fotm of ime\national opevatums (compaied with iUc-nsing ot exponsi takes place 
in order for the firm to inlinwhzr or supeicc'de the maikei whejr ihi‘ maikin 
operates less than fierlec'tlv. 

'I'he follow'ing iw^i chaplets extend the basic aigunauu with some imphralions 
of ilie intcrnaitonal opc'rations approach t< hap. 3t and limitc-d empirical evidence 
based on l.hS. inieinational diieet iinrsimrni 'chap. 4;. li is o( some nnt'n'si to 
compare cc'itairi of ih<' conclusions reached m chapter 4, based on vc'iv’ hmrtcd 
data fiom the latci 1950s, with more lecent evidence. Thus, Hvnv'r et>ncludes 
that “ceiiain U.Jn. industries have* significantly moH* foreign jnvrsinit'iii than other 
industrie.s." ‘I’be c onrentration of »nter*national invesirnenl by induslnes, c*ven if 
the industrie.s invoked have marginalk altcucd, is still appaietu ““ The industiles 
in which iheie is much foieign invcslincnt (end to be ronceiitraied mdusines." 
foreign invesirnenl doe.s seem lo Ilow into the mote contnUialed indusliit'S 
(Parry 1977). though ihi.s rtia\ not be th<’dii<Tt result ^ifdirt^ci investim'nt per le 
(Knickerbocker 1976). And, “Most of the investing is done bv large fiiins." 
Indeed size does emerge as a significant cliai m let isiie of I .S. du rri miernaiional 
inve.simcni (Horst 197!3). 

Chapter 5 relates internationai firianeial capita) movt'inents to the theorv of 
international operations. 4'he main eonclusion is dial iniernalK'nal money tapilal 
does respond to interest rale ddrerenlials because of the financing behavior of 
direct investors. Where interest rales .'ur lower abroad, then the direrl invi'sioi 
will tend to minimize capital transfcT and borrow in the local marke t, liidc'id a 
large part of U.S. international operations are financed by borrowings in local 
markct.s, a conclusion which is .still genrrall> true. 

Finally, chapter 6 considers some effects of international operations on host 
country income and welfare. 4'hc analysis is by no means complete. The main 
aspects of international oyjcrations which impinge on welfaie arc the capital flows 
that are associated with international operations, the technology flows that 
accompany direct investment (and licensing), and the centralized control that is 
involved in direct investment. Interestingly, centralized control is considered 
from the point of view of monopoly pricing and integrated markets. It is not until 
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sonic years later that Hymer considers the broader issue of potential conflict 
between the nation-state and the mulnnationai enterprise: the so-called effects of 
interaction that cncumsciibe the areas of concern over the multinationals 
'Hyincr 1970). 

rhe Hymer thesis has boon published some 16 years after its wrilmg. I he novelty 
of the original thesis and its importance in the development of the subject of 
internaiional inv'e.slineni will be appirelated by anyone who has woi ked or intends 
10 woi k in I his ai ra 

I'lIOM VS G. P\RRY 

{ 'iin I'rMly i^f Sciv Snuih 
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The paper tries to formalize the trichotomy of work in the ntarket, work 
at home, and leisure. Time is used at home to produce home goods that 
are perfect substitutes for market goods, where home production is sub¬ 
ject to diminishing marginal productivity. An increase in the market 
wage rate is expected to reduce work at home, while its effect on leisure 
and work in the market is indeterminate. An increase in income in¬ 
creases leisure, reduces work in the market, and leaves work at home 
unchanged. These conclusions are supported by empirical tests based on 
the Michigan Income Dynamics data, as well as by previous lime budget 
studies. Further implications for labor supply, fertility, gain from 
marriage, demand for child care, and the measurement of home output 
are investigated. 


I. Time Budget Evidence—Data in Search of a Theory 

The household production function is by now an established part of 
economic theory. As formulated by Becker, Lancaster, Muth, and others, 
the new consumption theory emphasizes the fact that market goods and 
services arc not themselves the agents which carry utility but are rather 
inputs in a process that generates commodities (or characteristics) which, 
in turn, yield utility. A second feature, introduced into the analysis by 
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and leisure, A change in the wife’s wage does not affect her husband’s 
work in the market but is positively correlated with his work at home and, 
as a result, negatively correlated with his leisure. An increase in the 
husband’s wage rate increases his own supply of labor (mainly at the 
expense of his work at home), but reduces his wife’s. This change does 
not affect the wife’s work at home, and consequently it increases her 
leisure. An increase in unearned income reduces the supply of labor of 
both husband and wife, it reduces work at home (at least in the case of 
women), and it thus incrca.ses leisure. 

Finally, both studies concur that children cause their mother to tran.sfer 
time from the market to home tasks. However, the amount of time trans¬ 
ferred falls short of the additional time required to care for children, so 
that leisure is reduced. C^hildren have the same downward effect where 
the father's leisure is concerned, but in this case the father increases both 
work at home and work in the market. 

The total time available for work at home and leisure depends to a 
large extent on the person’s employment status. Ciomparing the allocation 
of time of employed and nonemployed Israeli married women (table 2), 
one can observe that, when education is controlled for, the employed have 
less leisure than the nonemployed. The employed Israeli married woman 
worked on the average 4.3 hours in the market. .She saved 2.8 hours by 
cutting her work at borne, but 1.5 hours had to come at the expense of 
leisure and time spent on physiological needs. 

Married men work more in the market than the unmarried, and 
married women spend more time than the unmarried in work at home 
(and somewhat less in the market). ('.on.scquently, it is observeti (Gronau 
1976fl) that married people have less leisure than the unmarried, and the 
difference is greater for men than for women. 'I'hcsc differences arc 
explained by two factors—marriage and the existence of children. To 
isolate the effect of marriage, I ran separate regrc.ssions for all men and 
for all women who had no young children (i.c., children in age group 0 5, 
or alternatively in the age group 0-12). The dependent variable is the 
time .spent on the activity, and the explanatory variables include the 
person’s age, .schooling, continent of birth, length of residence, and 
number of older children; marital status is represented by a dummy 
variable. (For lark of .space, 1 do not present the detailed regressions 
here.) 

Controlling for the number of children (and the other socioeconomic 
variables), I found that marriage reduces the Israeli wife’s supply of work 
to the market and increases her work at home. The decline in work in the 
market (about 1,5 hours a day) is somewhat smaller than the increast 
in work at home (about 2 hours), but the difference is too small to b( 
significant (time spent on physiological needs and, to a lesser extent, timi 
spent on leisure decline, but the decline is not statistically significant) 
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As for men, they hardly increase their work at home but significantly 
increase their supply of labor to the market (by about 2 hours). This 
results in a significant drop in married men’s leisure. 

These findings give ri.se to several questions; Why do education, the 
wage rate, and income differ in their effect on work at home and leisure? 
What explains the effect of children? What explains the differences in 
the allocation of time between labor force participants and nonpartic¬ 
ipants? What explains the differences between men’s and women’s 
time-use pattern.s? How can one explain the effect of marriage, and what 
is the source of the asymmetry in the effect of marriage on the husband’s 
and wife’s time-use patterns? In answering these questions, we shall 
see that the distinction between consumption time and production time 
(i.e., leisure and work at home) has implications reaching far beyond 
the analy.sis of home time u.se. embracing such lopics as labor supply, 
iertility, marital stability, consumption (and in particular the demand 
for svd)slilutcs for the person’s home services), and the recvaluation of 
(he contribution of housewives to total economic welfare. 

The paper opens with a de.scription of a theoretical model that seems 
to provide us with a unifying explanation of the observed time-use 
pttttcrns. Some of the crucial assumptions of this model are tested in 
Sectioti III. Tile itn|ilications of the model for the analysis of fertility, 
marital stability, the demand for housemaids and child care, and the 
evaluation of the output of the home sector are investigated in Section IV. 
A sttmmari/ing section ilisctisses .some qualifications and suggests some 
future research. 


II. The Model 

An intuitive distinction between work at home (i.e., home production 
titne) atid leisure (i.e., home consumjition time) is that work at home 
(like work in the market) is something one would rather have somebody 
el.se do for one (if the cost were low enough), while it would be almost 
impo.ssible to enjoy leisure through a surrogate. Thus, one regards work 
at home as a time use that generates services which have a close sub¬ 
stitute in the market, while leisure has only poor market substitutes. In 
the extreme, though by no means unusual, case, work at home and work 
in the market are perfect substitutes as far as the direct utility they 
generate is concerned, and a person is indifferent to the composition of 
the goods and services he consumes, that is, to whether they are produced 
at home or purchased in the market. 

Formally, let there be a single-person household. The person maximizes 
the amount of commodity Z, which is a combination of goods and services 
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(X) and consumption time (Z,), 

Z = Z(X,L). (1) 

The goods can either be purchased in the market or produced at liome, 
but the composition of X docs not affect Z. * I shall measure the value of 
home goods and services {X^) in terms of their market equivalents (i.e,, 
the cost of the quality-corrected good in the market). Let denote 
market expenditures; then total consumption is composed of the con¬ 
sumption of goods purchased in the market and those produced at home, 

X^ X^ + X„. (2) 

Home goods arc produced by work at home (//), 

a;, =/(f/). (3) 

subject to decreasing marginal productivity (/' > 0,/" < 0).* The 
decline in the value of marginal productivity at home is due not only to 
fatigue or changes in input proportions but also to a change in the 
composition of —a shift, as H increases, toward activities that have a 
cheaper market substitute. 

The maximization of Z is bound by two constraints: the (endogenous) 
budget constraint 

X^=^ WN + V, (4) 

where W is the person’s wage rate (assumed to be constant), A’denotes 
market work, and V other sources of income; and the time constraint* 

L II + N = T. (5) 

The necessary conditions for an interior optimum call for the marginal 
product of work at home to equal the marginal rate of substitution between 
goods and consumption time, which in turn equals the shadow price of 
time, IV* (cq. [6]). If the person works in the market (N > 0), they 

^ This assumption is crucial to the modrl and distinguishes it from previous formula¬ 
tions such as / = Xhj />) which had only very limited predictive power (Gronau 

1973). 

* For simplicity I ignore the market goods that enter into the production of home goods. 

* Thus one can easily rewrite cq. (J) as 

Z = Z{X, L) ^ Z’{X, L,r - L) = Z'{X, L,H+ N), (la) 

i.c., cq. (1) does not imply that work at home and work in the market do not affect 
welfare, but merely that H and N are perfect substitutes as far as the consumption tech¬ 
nology (Z) is concerned. 
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will also equal tlic real wage rate, H' (cfi- [6a]).*’ 


cZNL _ , 

CZiCX 

II 

11 

II 

■s 


( 6 ) 

(6a) 


’I'liese eonditions arc de]>i<tefl in figure 1. The home production 
function is described by the concave curve, Tli'^A^^C^. I'he more time the 
individual spends woi king at home (as measured by the horizontal 
distance liom point T tlic gicatcr the amount of home good.s produced. 
If the individual spends all Ins lime in work at home, he can produce an 
amount of units of goods. In the absence of market opportunities, 
the curve TB'aAQC.Q is the opportunity frontier enclosing the set of all 
fea.sible conibintitions of ,V and L. The exi.slence of a market where the 
jierson can sell his working time and buy market goods expands this set. 
Thus, given the real wage rale Ik' (described by the slope of the line AqE„], 
llie [lerson can tratic his lime for goods along the price line A^E^, (the 
line tangent to the production curve ’JB^A^Co). At the optimum the 
person may choose a goods-intensive combination of A' and /., stich as 
flo, where he enjoys O/.y units of consumption time, s|)ends /.qX time 
units on work in the market, and .spends NT time uniis on work at home. 
Alternatively, the jterson may have a high preference for leisure (i.e., a 
leisure-intensive constiniption technology), choosing as his optimum 
combination the point Hq. In this ctise he does not work in the market, 
but splits his time between leisure (OL'o) and W’ork at home (L'qT). 

Note that the person imty ado|)i a goods-intensive technology, such as 
but it may still be home-lime intensive in the .sense that a large part 
of the goods are produced at home. Thus, leisure inlensive and home-time 
intensive are not synonymous. Note further that if the marginal pro¬ 
ductivity of Work at home at the point 7'falls short of the real wage rate, 
there is no home production and we are faced with the familiar Robbins 
diagram and the dichotomy of work (in the market) and leisure. 

To analyze the properties of this model, let it be assumed that there 
is an increase in other .source.s of income hy an amount of A V. An increase 
in other .sources of income secure.s for the person the amount of O.Vq of 


** Kqq. (6) and (tia) are derived by inaxiini/ing the I.agrangian function C = 
+ ./(ff}h f-l + ■tfIt'iV + f" — .Vx)) -F )i{ f — L — H — N) with respect to 
//, A’, and Ajy. Tlic shadow price of lime (measured in real terms) equals IV* = n/^, 
wfiere and X arc ihe m,srginal utilities of time and income, respeclively. The wage rate 
may fall short of the value of marginal productivity at home (kg < /'), cither because 
of the person’s reluctance to pcrfoi in the home services outside of his own home or because 
of differences in the value of marginal productivity between home and the outside, due 
to transport costs, monitoring costs, and efficiency (the person being self-employed in his 
own home). 
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mai'kcl goods rvrn if he sprmls all lus time in eonsumj^tion, Tlie ehange is 
rertcctccl, therefore, in a vertical shift of the production etirvc Tti'cA^C^ 
to . 'I'he change does not affeet the marginal productivity of 

work at home —it does not ad'ect the shape of the curve but only its 
location. Since tlie real vsage rate is given, tliert' is no change in the 
point at which the person finds it cheaper to buy the goods in the market 
than to produce them at home. If the person prefeis a goods-intensive 
consumiition technology which makes him work in the market (com¬ 
bination /?o)i he does not change the amount of time he spends working 
at home (XT) and, given the pure income effect, he increases his amount 
of leisure (if leisure is not an inferior input) at the expense of work at 
the market (consumption time increases from 01.„ to OL, and work 
in the market is reduced from L^N to 

If, on the other hand, the person does not initially work in the market 
(point /?o), the increase in income and the resulting increase in Z call 
for an incrca.se in consumption time which can come only at the expense 
of work at home. 

[,et there be an increase in the real wage rate IV (fig. 2). If the person 
works in the market (point Hq), a change in wages affects both the rate 
of substitution between consumption time and goods and the profitability 
of home production. The lncrea.se in wages lowers the price of goods in 
terms of time, thereby making home production less jirofitable and 

^ I'hc decline in work in the inaikei may result in the person’s dropping out of the 
labor force altogether. 
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inducing Mib.sliduion of goods for consumption time. This change will, 
therefiiic, definitely cut work at home (from MoT' <0 N^T), while its 
cfi'cct on leisure is indeterminate. The substitution effect tends to reduce 
leisuie, while the ('.Kpansion effeet tends to raise it. As for work in the 
market, it depend.s on the e.stenl of the reduction of work at home and on 
the change in consumption lime. If the reduction in work at home exceeds 
the increase in leisure (if there is one), tlic supply of work to the market 
increases. I'he tendency of this supply curec to be positively sloped 
increases, the greater the rate of substitution between goods and con¬ 
sumption time, the less sensitive the marginal prorluctivity in home 
Itroduction to changes in the amount of work, and the smaller the income 
elasticity of leisure. 

If tlie person initially dors not work, the change in wages may lure 
him into the market (point B^), or he may be completely unaffected 
(point B'o). 

A third kind of change worth examining is a change in productivity. 
It is impossible to predict the implications of this change without specify¬ 
ing the exact nature of the changes in home productivity (i.c., changes in 
f) and consumption technology (i.c., changes in Z). In the absence of the 
nece.ssary information, one’s predictions arc limited to the case where the 
person works in the market. In this case a change in consumption tech¬ 
nology would affect work in the market and leisure but would leave work 
at home unchanged. On the other hand, an increa.se in the productivity 
of work at home is associated with an increase in real income and an 
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increase in leisure, bui its effect on work at home and work in the market 
is indeterminate. 

Up-to thi.s point, it has been assumed that entry into the market is 
costless. In practice, work in the market involves costs in terms of both 
money and time. Let these costs be C and t. respectively, and let them 
be independent of the amount of work N (e.g., transportation costs and 
time).” riie introduction of these costs calls for some modification of the 
budget and time constraints 

+ M: = IVN + V, (4a) 

L + H + N + = T, (iia) 

where d is a dummy variable that describes the person’s employment 
status 

j _ 11 when A' > 0 
“ (0 when A^ = 0. 

The person is faced by two alternative opportunity scLs (fig. 3). If he 
slays out of the labor force and confinc.s him.self to home production, he 
can choose any point on the bound<ary TB^E. On the other hand, if he 
decides to join the labor force, he suffers a lo.ss of ( units of lime and C 

" Variable time and money costs (i.c,, costs that vary with Nj can easily be treated by 
an appropriate modification o( the wage rate. 
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units of A", but his opportunity locus becomes T'AF. Given these op¬ 
portunity sets, a person with a greater preference for goods will join the 
labor force (point fig), spending OLa units of time on leisure, working 
in the market for /.{,jV units, working at home for Nt units, and, say, 
traveling to work ffir /'/'units of lime. A person with a greater taste for 
leisure will decide to stay out of the market (point 5|), dividing his time 
between leisure and work at home (O/,, and L^ T, respectively). Given 
the opportunity set, labor force participation i.s thereliire as.socialed with 
a decline both in leisure and in work at home."' The existence of entry 
costs does not, however, affect our previous conclusions about the effect 
of changes in the sotdoeconomic characteristics on the allocation of time. 

I he predictions of this simple model are by and large consistent with 
the reported fintliugs. An increase m the wage rale should not affect the 
allocation of time of the nonernployed but should reduce the work at 
home of the employed. Thus, on the whole, one wotiid expect the wage 
rate and work at home to be negatively correlated. I'he effect of a change 
in the wage rate on leisure depends on the relative magnitudes of the 
income effect and the substitution effect. The tendency for the income 
effect to dominate increases with the number of hours worked in the 
market. Thus, it is not surprising that thesulisiitution effeet is the. tloininant 
factor m the rase of (he wili-’s leisure, but the two effects cancel out (or 
even the income effect tlominates) m the rase of the husband’s. An in¬ 
crease in nonwage income should not afi'ect (he work :it home of employed 
persons hut should reduce the tvork at homo of the nonernployed. Gon- 
ser|uently. one ex|iects nonwage income and the wife's work at home to 
be negatisely correlated. On the other hand. In (he case of men, who are 
irio.siK' employed, llie negative effect sltould be much le.ss pronounced and 
may be umisignilicant In either case, one expects nonwage income and 
leisure to be jiositively correhited. |■'lnally, in the presence of market 
entry costs, employed persons should spend less lime on work at home 
than the unemployed, but this difrerener is swamped by the difference in 
(he market hours Goiise((nenlly, one < xpe< (s llu’employed to work longer 
hours (in the market and at home) and enjoy less leisure, other things 
lielng eciiial. 

The model can ea.sily be extended to (be ea.se of two eominodities. In 
this ease the person inaximi/.es the wellarc function ['{Zf, Z,) subject 
to the eonslrainl.s imposed by (he (ransfbriualion curve betweeu the two 
eommodilies. The latter depends on the consumption technology of each 
commodity (ec). [Ij), the home pioiluetion function (ccj. [3]), and the 
time and budget constraints. The comparative-static: properties of the 
extended model are v'rry similar to tho.se of the one presented earlier and 

** An nltcrnalue interpretation of the clitiercnil paltenis of time use of ihe employed 
and noneinploycd Iriices them to differenre.s in produrlivity at Iiorne, the less productive 
person having a stronger inclination to join the labor force. 
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will therefore not be discussed here.'® However, the extended model 
sheds new light on the effect of children on the allocation of time. 

An increase in the number of children (or the introduction of children) 
is associated with a transfer of time to child-related activities. The 
additional time units devoted to children are spent on work at home and 
leisure (a horizontal shift from to in fig. 4). Kventually 

the opportunities for profitable home production are exhausted, and any 
additional units of time spent on the commodity of children will he 
spent on work in the market (which will permit the purchase of child- 
related market goods) and leisure, leaving work at home unchanged 
(curve T^AjB^E^). 

When the person participates in tlie labor force, the time withdrawn 
from other activities is initially withdrawn from work in the market and 
leisure, curtailing the market goods and consumption time a.ssociatcd 
with these activities. If the person is not a labor-force participant, the 
entire time is naturally withdrawn from work at home and leisure. 

The overall effect on the allocation of time of introducing children (or 
of an increase in their number) depends on the leisure intensity of child- 
related in comparison with other activities and on the profitability of 
home production of child-related services. It is my contention that children 
are less leisure intensive (i.e., more goods intensive) than other activities. 
Thus an increase in the number of children at the expense of other 

For a detailed discussion see an earlier version of this paper (Gronau 197041- 
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acTivilios should reduce the person’s leisure. The effect of children on 
work at home and in the market depends on the profitability of home 
production. Women arc, usually, offered lower wages than their husbands, 
anti they may also be more productive in home production. An increase 
in the number of children therefore leads working mothers to work less 
in the market and more at home. Similarly, nonparticipanls shift time 
from less goods-intensive to more goods-intensive activities, increasing 
their work at htime. The scope for profitable child-related home pro¬ 
duction is nuK h more limited for the husband. In his case one can there¬ 
fore expect to observe that the .shift to the more good.s-inten.sive commodity 
{i.e., children) results primarily in increased work in the market (though 
there may also be an increase in work at home). 

'I’he ])rice of market subslilutes (mairls, nursery school, kindergarten, 
school ) derlines as the t hild grows older. Put differently, a.s the child 
grows old(-r, the real wage rtf the mother (in terms of market substitutes) 
imreases. This increase leads to a decline in work at home and an In- 
ertase in work at the market, but need not increase the demand for 
leisute much ‘' 

Similarly, it seems ihtii in Israel the prices of market substitutes (maids, 
nursery st liool) are cheaper than in the United States.' ^ Thus, an Israeli 
mother should find it less profitahle than an American one to divert 
time (iom work in the market to work at home when she has a child. 
The supply of lahor of Israeli women, in particular the more educated 
ones, should iliereliire be less affected by young children than that nC their 
.American (oimlerparls ((Ironan 1!>76<7). 

Atidilional insights are gained by extending the model to the niulli- 
))eisoii ease iiiul, in parlitular, the ease of the married couple. Marriage 
iutmdiKcs into people’s choice set a new activity, “married life.” The 
lieu aelivity uses lioine-pioduc'ed goods in its production and thus 
invohes an increa.sc in work at home at the expense of work in the market. 
1'iirlherinore, to llie extent that this loosely defined activity is more goods 
intensive than tlie otlici activities, it sliould also reduce leisure. Marriage 
may, liowever, have a more fundamental effect on househcjld members’ 
allocation of lime by allowing for s|x'eializalion within the family. Much 
of die preceding discussion is ba.sed on the proposition that a person is 
rclnc lant (or finds it unprolilable) to sell his home goods outside the 
household. This assumption is, howc-ver, relaxed in the family context. 
Greatei' market involvement and discrimination result in the husband’s 

' ’ The goods iiiteiisily oi chiiciieii may del line and ilius leisure may increase as the 
child gi'osvs older Hosvesei, as long as children arc more goods intensive than other 
activities, they .shoultl be associated with a decline in li'i.sure. 

' ^ I n Israel many of the 2-year-nids and most of the 3--4-year-oids attend a nursery for 
at least 4 hours a day In 1968 over 40 perccuit ot the wcirking mothers with a child of 
less than 3 years old employed a maid (the fraction Ibr working mothers with 13-|- years 
ol schooling was iwo-ihirds). 
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wage rate being higher than his wife’s; on the other hand, on-the-job 
training may make women more efficient in home production. There is 
therefore an incentive within the family to trade goods for time. Leisure 
is, by definition, an input which the person has to provide himself. Thus, 
there is no way in which the wife can save leisure for her husband. She 
can, however, save him work-al-homc lime. Indeed, the woman who is 
reluctant to sell her home goods (e.g., serve as a maid) is willing to 
exchange them within the family for market goods. The extent to which 
such an exchange takes place and the terms of the exchange depend to a 
large degree on her marginal costs of producing these goods. 

If before marriage a woman obtained some of the goods solely through 
home production, the price she places on them is below that paid by her 
husband in the market. Specialization and trade within the family should 
increase the family members’ welfare. The wife expands her home pro¬ 
duction while the husband increases his work in the market.'^ On the 
other hand, if both participate in the labor force and there is no good or 
service which is supplied solely though home production (i.e,, A'^ > 0 
for all goods for both httsband and wife), then it can be shown (Gronau 
1976i) that before marriage both members lacc die same set of prices and 
marriage docs not yield any gains of trade. 


III. Some Empirical Tests 

The model gives rise to a wealth of testable hypotheses. Although many 
of these hypothe.ses could have been generated also by other models, 
which use a weaker .set of assumptions (e.g., the models discussed in my 
1973 and 1976a papers), none of them generates this model’s prediction 
concerning the income effect on work at home. A crucial lest of our 
analysis focuses, therefore, on this effect; Does an incrca.se in unearned 
income reduce the work at home of the nonemployed while leaving the 
work at home of the employed unaffected? The examination of this 
hypothesis is the subject of this section. 

The data used are the 1972 panel of the Michigan Study of Income 
Dynamics. Given the peculiar characteristics of the subsample of non¬ 
employed men (e.g., a mean age of 68), 1 confine the discussion to the 
time usage of white married women. The .sample included 1,281 women, 
of whom 660 were employed at some lime during the preceding year and 
621 reported that they did not work in 1971. The dependent variables 
consisted of the time spent working in the market (including travel to 


' ■' The wife’s tendency to specialize in work at home is reinforced if work in the market 
involves fixed entry costs. Marriage offers the woman a job which does not involve these 
fixed costs at terms which may not be much inferior to her market wage rate. As a result, 
the wife may be tempted to drop out of the labor force and concentrate on work at home. 
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work), the time spent in housework, and leisure.'"* The explanatory 
variables included the wife’s age, education, and labor force experience 
(i.c., full-time work) since the age of 18, the husband’s education and wage, 
the family’s unearned income, the number of children below the age of 
18, the number of children at school, and the number of rooms in the 
home. The regressions were estimated for the whole sample and separately 
for the employed and the nonemployed.'* 

The findings for the whole sample closely resemble those reported 
earlier in Section I and are therefore not presented here. Table 3 presents 
the results for the two subsamples separately. The results confirm the 
predictions of the model. When the wife is not employed, her work at 
home is negatively affected (and her leisure is positively affected) by her 
unearned income and her husband’s wage rate. (children tend to increase 
her home tasks, iiut schoolchildren less so than younger ones. Her work 
at home is negatively associated with her education, but positively as¬ 
sociated witli the size of her house. As predicted, her potential wage rate 
(as approximated by her past labor force experience) does not affect 
her allot ation of lime. 

When ihc woman is cmploycti, a major determinant of her allocation 
of time is her wage rate. This variable explains the negative effect of 
labor force experience on work at home and leisure and the negative 
effect of the wife’s education on her work at home (education and leisure 
are positively roiTclatcd in tliis regression, but the regression coefficient 
i.s nonsignificant). Cihildrcn have a negative effect on their mother’s 
leisure, the time withdrawn from the maikcl failing short of the increase 
in housework. As the child grows older and enters .school, housework 
diminishes, but this change results in hardly any gains in leisure —the 
lime saved in vsork at home is diverted back to the market."’ Most 
important for our analy.sis is the income effect. The husband’s wage has a 
significant positive eflect on leisure, but no elfect on work at home. 


*'* I’Ik* fanulirs a-ported on the number nfweeks worked, the number ofhours the wife 
woikfd per \ve<k, and tlie number ofhours in housework in an average week, 

(Housework is not defined in the quesiionnane, bul the examples mentioned are cooking, 
cleaning, and other work aiound the hoase. I'has, it is not known whether the families 
uuluded such actis ilii'S as child caie and shopping in housework.) I defined leisure as the 
diffeiencc between 8,7f)(} hours p<’r annum an<l the number of hours reported worked in 
the market and at home. 

Separating the sample by employment status may give rise to selectivity biases. I 
tried to correct lor these, bul had very Utile success because of the strong multicollinearity 
between the correction coefficient and the rest of the explanatory variables. It is comfort¬ 
ing to learn that a recent attem{>t to correct selectivity biases in labor supply (Cogan 
1976) has generated results that do not differ much from simple OLS estimates based 
on a sample of working wives. 

The effect of children on leisure, as presented in tabic 3, is significant at the con¬ 
ventional 5 percent level only if one uses a onc-tajled lest. However, if one removes the 
variable schoolchildren from the regression, the variable number of children turns out 
to be highly significant by any standard (i.c,, /-values that exceed 3). 
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Similarly, work at home is not affected by changes in unearned income; 
their effect on leisure is positive, though weak. It is also worth noting 
that the work at home of employed women is not correlated with the 
size of their house--presumably any extra work associated with extra 
rooms is done by maids (or other market substitutes). 

To i.solate tlic wage effect from other effects associated with education, 
I introduced this variable directly into the regression. Since the survey 
does not include direct information on the hourly wage rate, hourly 
earnings are computed by dividing annual earnings by annual hours 
(i.e., by the produc t of weeks worked and weekly hours). This procedure 
generates serious measurement errors which bias the estimate of the wage 
effect. To overcome this problem, I used an indirect approach: At the 
first stage I estimated tlic wage function; at the second stage I introduced 
the imputed (log) wage in the time use functions. The estimated wage 
function was of the semilog variety, the explanatory variables being the 
wife’s education {ED), her labor force experience {EX), and her husband’s 
wage rate ( W^) 

log W = -0.5955 + 0.0905T7.) + O.OSO'iTA’ - 0.0006(£;Ar)^ 
(9.18) (4.72) (2.99) 

+ 0.0442 
(4.75) 

= .20 

where the wages arc measured in dollars and the numerals in parentheses 
denote the corresponding t-valucs. 

The results of the .second stage (table 3) do not diverge much from our 
previous findings. The wage rale has a strong negative effect on both 
leisure and work at home. Education is positively correlated with leisure, 
but its effect on work at home (though positive) is not significant. (The 
direct effect of education on nuniher of hours worked in the market is 
therefore negativ'e.) Finally, the pure income effect is as predicted: 
iK-ilher unearned income nor the husband’s wage rate affect the employed 
woman’s work at hornc.*^ Our model also passes this test successfully. 

IV. So, What’s New? 

The model has been shown to yield a comprehensive yet concise inter¬ 
pretation of the findings on the allocation of time between work in the 
market, work at home, and leisure. It explains the different behavior 

Comparing the regression coefficients of unearned income in the work-at-home, 
leisure, and work-in-the-market equations, one observes that the first two are non¬ 
significant while the last is significant. This difference is explained by the better fit of the 
last equation. The difference between the husband’s wage effect and the effect of un¬ 
earned income is due primarily to differences in the units of measurement (dollars per 
hour and dollars per annum, respectively). 



LEISURE, HOME PRODUCTION, AND WORK 


I I 17 


patterns of people with different incomes, wages, and education, and the 
effect of children on the allocation of time. It accounts for the different 
patterns observed for men and women, the married and unmarried, 
the employed and nonemployed; and it appears, on the whole, to provide 
the economist with more refined tools for analyzing time-budget data. 
But does the theory extend our understanding of household behavior 
beyond this goal? In this section I shall try to show that the ramifications 
of the theory reach far beyond the analysis of time use. 

The Supply of Labor 

The most direct application of our model is, of course, to the analysis of 
labor supply. In the short run the two most imporUnt economic factors 
affecting the supply of labor of married women arc income and wage 
rates. According to our analysis, the income effect works primarily 
through its effect on leisure. On the other hand, wage increases tend to 
increase the supply of labor by reducing work at home, but their effect on 
leisure is indeterminate. Given the wage effect on leisure, the labor 
supply is more clastic the greater the sensitivity of work at home to 
changes in the wage rate (i.c., the smaller the effect of H on/'). For that 
reason alone, one would expect the supply of labor of married women to 
be more clastic than that of men. But the analysis brings up a further 
point; A wage increase may result not merely in a shift from work at 
home to work in the market but also in reduced leisure—employed 
women have less leisure than the nonemployed. Indeed, according to 
the estimates presented in table 3, the marginal effect of a wage change 
on the leisure of the employed is more than four times that on work at 
home, although the wage elasticities are almost identical (about 0.4). 
Admittedly, some of these changes in leisure may be due to changes in 
activities which arc normally regarded as work at home but were not 
defined as housework by the respondent,*® but it is hard to believe that 
this misclassification explains such a great difference. 

Recent decades have witnessed a great expansion in the labor supply 
of married women. Still, with only about half of married women par¬ 
ticipating in the labor force, and with the number of working hours of 
employed women equaling the number of hours they put in on work at 
home, it looks as if this resource has only been partly tapped for future 
expansion. A natural question is to what extent will the labor-supply 
function of married women resemble that of their husbands once they 
reach similar labor force participation rates? Right now any answer to 
this question should be regarded as sheer speculation, since so much 
depends on changes in role differentiation and on reallocation of work 

‘*See n. 14. According to the Israeli data, housework (not including child care) 
accounts for only two thirds of the time defined by me as work at home. 
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at home within the family. It is, however, worth noting that right now 
women are more willing to dispense with leisure in response to wage 
increases than men (the change in leisure induced by a 1 percent change 
in wages is almost twice as great for employed wives as for their husbands) 
and that men are apt to increase their leisure in response to an increase 
in income much more than women (the ratio of the income effects is 
about 5:1).” 

In the long run, changes in wages are associated with changes in 
education. But while in the short run wage increases, education given, 
reduce both work at home and leisure, changes in education (when the 
wage is not held constant) affect only work at home. The long-run 
prospects for increased labor supply due to increases in education are 
therefore much more limited. On the other hand, one can expect further 
expansion in labor supply if the increase in education and wages is 
associated with a decline in fertility. 


VVif Demand for Children 

It is customary for economists (e.g., Willis 1973) to argue that children 
arc a home-time-intensive activity and that an increase in children 
therefore reduces work in the market. A corollary of this contention is 
that since children are time intensive, an increase in their mother’s wage 
rate should raise their price relative to that of other commodities. Given 
otir analysis, one has to distinguish between home-time intensity and 
leisure intensity (or average and marginal hornc-time intensity). C:hildrcn 
may be home time intensive when they are introduced into the household, 
since some of the goods used in the activity can be profitably produced 
at home. However, as the activity increases, the profitability of home 
production diminishes and eventually the family relies solely on market 
goods (on the margin). At this point the goods-intensive nature of children 
becomes apparent. Thus a wage increase raises the price of children in 
the range where children’s goods are produced at home; but when these 
goods are market produced, the price of children is reduced by a wage 
increase. The tendency to replace home goods by market goods Increases 
with the mother’s wage rate. Thus, one would expect that the price of 
children increases with the mother’s wage for low-wage mothers but that 
this relationship is reversed as the mother’s wage increases. Ben-Porath 
(1973) observes a transposed J-shaped relationship between fertility and 
education for Israeli women: Fertility declines with education, but there 
is a slight inflection at the top. These findings are consistent with the 

' 'I'hc findings for the employed married men (not presented here) are based on the 
same sample as those for the women. 
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prediction of the model. The price of hou-scmaid-s relative to the wife’s 
wage seems to be lower in Israel than in the United States, and the 
tendency to substitute housemaid services for wife’s time is therefore 
greater in Israel. Consequently, the transposed J-shaped relationship 
between fertility and wife’s education should be more pronounced in the 
Israeli data. 

The price of market substitutes relative to the wife’s wage declines as 
the child gets older, and the goods-intensive nature of children therefore 
becomes more explicit. The relative price of “older children” has a 
greater tendency to decline as the parent’s wage increases. The overall 
effect of change.s in the wage rate on the present value of the cost of 
children is thcrclinc indeterminate and depends on the price of market 
sub.stitulcs, the rate of discount, etc. 


Gams from Marriage 

Previous studies (e.g., Becker 1973) have asserted that gains from marriage 
depend on the hu.sband-wife wage ratio. Other things being ecpia), 
the higher the husband’s wage rate relative to his wife's the greater the 
opportunity for sficcialization within the hotischold and the greater the 
gains from tratle. This conclusion must be somewhat modified if one 
realizes that there exists no direct way of trading leisure and that the 
exchange is confined to home goods. The scope for gains from exchange 
within the hottsehold is limited by the profitability of home production. 
I'he latter in turn depends on the wife’s home productivity and the price 
of market substitutes. Given the wife’s home productivity and the price of 
market substitutes, the higher the wife’s wage the greater the probability 
that any change in her activities will not affect her home production. In 
this case the prices of goods confronting men and women arc the same and 
there are no gains to be reaped from trade. 'I'he gains from trade therefore 
decline as the wife’s wage increases irrespective of the husband’s. 'I'hc 
increase in marital instability which has accompanied the increase in 
women’s real wage rates and their increased labor-force participation is 
consistent with the prediction of the model, though one does not observe 
any substantial narrowing of the sex wage gap (Fuchs 1974).^' 


Bt'n-Pfirath (1973) explained ihis relationship in a somewhat siniilar fashiun, arguing 
that if the elasticity of sulistilution between time and goods in the production nl children 
exceeds unity, children may be a time-inteiiMve commodity for low-wage mothers but a 
good.s-intensive commodity for high-wage mothers. 

Kuchs (1974) reports that the sex difTerential in hourly earnings of white nonfarni 
employed hartlly changed m the last decade (from O.td in 1959 to 0.b4 in 1969). More¬ 
over, the dillerential for the young (below 35) marrieil (the group most prone to divorce) 
ha.s eviai .slightly increased (from 0 73 to 0.70). 
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Taxes, Child-Care Programs, and the Demand for Domestic Help 

It is often claimed that the wife’s entry into the labor force involves costs 
such as child-care and housemaid services which by far exceed the 
husband’s cost of entry. According to this argument, child-care services 
should be tax deductible, as are books or other costs a person must under¬ 
take in order to work. This argument has been accepted by many legis¬ 
lators and incorporated into the tax laws. 

The economic validity of such deductions apart, it seems that this 
popular argument is wrong. An increase in expenditures on child-care 
services is associated with the wife’s work in the same way an increase in 
the expenditures on a gardener is associated with the husband’s work. 
Unlike expenditures on books or commuting costs (and time), which are a 
prerequisite for work, they are a cost which the family willingly undertakes 
because it finds that it is unprofitable for the wife to spend her time in 
child-care activities. 

I'lie analysis emphasizes, however, an additional point. In evaluating 
the various child-care programs which have been proposed or enacted 
in recent years, one has to distinguish between their effect on the marginal 
rate of substitution between goods and leisure and their effect on the 
profitability of home production. Assume a one-comrnodity world where 
the only commodity is chililren. A program which gives the mother a 
fixed child-care .subsidy for every hour worked is equivalent to a wage 
increase and affects both the profitability of home production and the 
price of leisure. (3n the other hand, a fixed cash rebate or free child-care 
services which arc conditional on a minimum number of working hours 
do not affect the profitability of home production of working women 
and may only affect their demand for leisure. When it comes to non- 
employed women, this kind of program encourages labor force participa¬ 
tion (in particular if entry into the market involves fixed costs) and may 
affect both home production and leisure. Finally, a tax deduction for 
child-care expenditures which declines gradually with earnings may 
affect home production but need not affect the price of leisure. 

It has been argued (Heckman 1974) that to evaluate and compare the 
impact of various programs on labor supply and welfare it is sufficient 
to know the indifference curves between market goods and nonmarket 
time. Our analysis indicates that this knowledge may not be sufficient 
and that a thorough evaluation may require specific information on both 
the household production function f{H) and consumption technology 

Finally, it st-ems at first puzzling that work at home is so insensitive 

One can easily incorporate in the analysis additional proposals (e.g., a subsidy 
confined to institutional forms of child care) and complicate it by introducing additional 
activities or exchange within the household, but this would not change our basic con¬ 
clusion. 



LEISURE, HOME PRODUCTION, AND WORK 


II2I 


to changes in income, given the high income elasticity of the demand for 
housemaids.*^ The puzzle is solved, however, if one realizes that the 
demand for housemaid services (like that for many other services) is an 
excess demand. An increase in income does not increase the profitability 
of producing these services at home when a person is employed and 
reduces the profitability when he is not employed (the shadow price of 
time increasing). Thus, changes in income may have a strong effect on 
the excess demand for these market services and no effect (or even a 
negative one) on home services. 

The Evaluation of Home-Sector Output 

A long-standing complaint against the current national accounting system 
is its omission of the output of the nonmarket sector and, specifically, 
the output of wives at home, which according to some estimates (Morgan, 
Sirageldin, and Baerwaldt 1966) constitutes close to 40 percent of 
measured GNP. Several attempts have been made to correct this short¬ 
coming (Morgan etal. 1966; Nordhaus and Tobin 1973; Sirageldin 1969), 
but these attempts were accompanied by controversy over which prices 
should be used to evaluate the wife’s output. Should one infer the value 
women assign to their time and use that (Gronau 1973), or should one use 
the market prices of the services rendered by the wives (Walker and 
Gauger 1973)? The present model provides an analytical tool to resolve 
this controversy. 

If the wife works in the market and at least some of each good is 
purchased {X^i > 0), her value of marginal productivity at home equals 
her wage rate (// = fV). Since most of the goods produced at home are 
services, she assigns to them a value that equals the wage she would have 
to pay somebody else to do the work for her divided by the average 
productivity of that person (= W^jAP^i). The value placed on the last 
unit of work at home is therefore W = Wiff lAPn,. Using the wage 
of the services worker who can replace the wife in home production 
serves as a good approximation for the value of her time only if his or 
her average productivity equals the wife’s marginal productivity. If 
fl > AP/ii, the wage of the services worker will understate the price 
the wife assigns to her marginal unit of time in work at home. 

Similarly unsatisfactory seems to be the method that uses the person’s 
wage rate for the imputation. Women who do not participate in the labor 
force assign to their time a price that exceeds the wage they expect to get 
in the market. More important, the wage rate may serve as a close 
approximation to marginal, but not average, productivity at home. The 

Using Israeli data (the Family Expenditure Survey 1968-69), 1 found that even 
when one controls for the wife’s education and employment status, the income elasticity 
of housemaids exceeds unity. 
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product of the average wage rate and the number of hours worked at home 
therefore understates the value of home production to the extent that 
diminisliing marginal productivity prevails. This imputation docs not 
account for the rent (i.c., the producer’s surplus) accruing to a person 
who is self-employed in his own home. 

V. What Next? 

I believe that this paiier provides ample evidence for establishing the 
distinction between work at home and leisure as an integral part of the 
theory of the alltication of time and household production. It ha.s been 
shown that this distittetion is a prerequisite for any further investigation 
of time-use |)iittetns anrl is highly useful in the analysis of fertility, mar- 
iiagc, ehild-eare [rrogranis, labor force participation, and the evaluation 
ol the output of the nonm.arkel sector. I am confident the model will also 
be found li nitful (or the analy.si.s of problems in other fields, .such as medical 
economies or tiausport deniaiKl, in which the household [iroduction 
model luis been put to good use. 

It is clear that the model is incomplete I expect itiajor criticism to be 
lattnched .igamst the assumption that work at home involves the same 
margitial utilits as work in the mttrkct. ClhikI care, cooking, g.irdening, 
etc, rleaily < reale <lirecl utilities (positive or negatise). The psychic 
iitrotne dci ived Irotii these activities relative to that derived from w'ork 
m the iiMiket may vary with the prison’s socioeeonoinic eharacterislics 
atid all'ei I Ins behavior. Admitting the validity of this criticisni, I contend 
that It is not moie serious than in the ease of the dichotomy of home time 
versus uoik in the market. Psyeliie income (oi leisure on the job) i.s an 
impoilatu delei itnmiru of investment in huintin capital, occtipational 
choice, ,ukI the supply of l.ihor. Kcononiists sea f.ir have not been able to 
dcrisc a s.Uisfailoiy tucihod of isolating this factor, d'his has not prevented 
lesc.in h on the delertnmanis o( the supply oi work to the rnarkel. and it 
shoidd not block research on the supjrly of work at home. 

,\ sec cMid point ol < rilicism m.iy focus on the neglect of joint production 
.md joini consumption. I'hcsi' arc iinporl.aiU features of human behavior 
which are not adequately treated by our analysis. But in this respect 
our model does no worse (and no better) than the current model of 
household production (Poliak and Wachtcr lO?,"!). 

f'mall), in the empirical (larl of thi.s paper I have explored only a 
small fi aclion ol the implications of tiic model lor the allocation of time 
and consuinjitioii patterns of the houscliold. Topics such as the interaction 


h tiiav s'fiy well lie that die- observed gcxids inlensiiy ot children can be tiaced to 
joint consumption and [imduelion. Mueli of tlie satisfaction derived from children and 
muclt ctnld-caie activity involves just having clnldren around while doing other things, 
such as cooking or walching TV. 



LEISURE, HOME PRODUCTION, AND WORK 11 23 

between work at home and substitute market services or the interaction 
between entry costs (time and money) and time use have only been 
touched upon. More ambitious endeavors, such as the estimation of tlie 
household production function and the value of home output, are still 
in a preliminary stage. However, given the right data, it is hoped that 
this paper will facilitate their realization. 
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The Principle of Unanimity and Voluntary 
Consent in Social Choice 


Vernon L. Smith 

Vniver.nty af Arizona 


A discrete version of the author’s incentive-compatible Auction 
Mechanism for public goods is applied to the problem of social choice 
(voting) among distinct mutually exclusive alternaiives. This Auction 
Election is a bidding mechanism characterized by (1) unanimity, (2) 
provision for the voluntary compensation of voters harmed by a winning 
proposition, and (3) incentives for "reasonable” bidding by excluding 
members of a collective from maximal increase in benefit if they fail to 
agree on the proposition with largest surplus. Four of five experiments 
with six voters, bidding privacy, monetary rewards, and cyclical 
m.ajority rule structure choose the best of three propositions. 


Solutions to the problem of specifying incentive-compatible mechanisms 
for the provision of public goods have been proposed by Thompson (196fi), 
Groves (19G9, 1973), C'.larkc (1971), Drfczc and de la Vallec Poussin (1971), 
Groves and Lcdyard (197,')), and Smith (in press u, in press h). Tideman 
and 'Fullock (1976) have applied the Glarkc-Groves "‘demand revealing 
process” to the problem of social choice among discrete alternatives. 
Several laboratory and field experimental studies of these mechanisms, 
and of the so-called free-rider problem in public goods, have been 
conducted by Bohm (1972), Scherr and Babb (1975), the. Public Broad¬ 
casting Service (reported by Fcrejohn and Noll 1976), and Smith (in 
press b). These studies provide strong support for the proposition that 
practical decentralized mechanisms exist for lltc provision of public goods. 

The sequel will briefly review the iiicenlive-conipatible Auction 
Mechanism (Smith in press b) for a public good whose size is variable. A 
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.s|jc(ial case of’ (his inrchanisni consists of a miilually exclusive and 
exhauslive set of discrete alternatives. This is the familiar problem of 
SOI ial choice in the sense of votint' among discrete alternatives to choo.se 
the “preferred” social state. The resulting voting mechanism, which we 
will call the Auction Election,' can be interpreted as an implementation 
of VVickseH’s (IfidG] ‘‘principle of unanimity and voluntary consent in 
taxation.” It i.s a pleasure to aeknowleilge Wickscll by plagiarizing the 
title to section 4 of his great pajier.^ In Section V (he results of five voting 
expel iments based on the Auction lilection will be reported. I'he experi¬ 
mental design chosen is one liir which the majority rule outcome is 
indelernunale, but lor which there is a unanimously preferred alternative 
achiesahle with the automatic compensation features of tlic Auction 
1.lection 


I. The Auction Mechanism for Public Goods 

(!onsidei a collei (i\e eomi>osed of / members. Using a partial equilibrium 
lianieuoik,'' let E,(.V), with me.i,sutemcnt nonnali/ed .so that I'’,(0) = 0, 
be the dollar value ol a cpianlity .V of the public gootl to member 1 and 
let // be the dollar price of the I'aiblic good. .Mthoiigh /j is assumed constant, 
the niei hanism is easily inodilied Ibr cases of im.leasing or decreasing 
leliuns (Stnidi in press n). Assume that eolleclive derision must abide by 
(he liillowing lilies or institution; 

(I) Eel e.K h agt'iit t siibmil .1 two-tuple (A,, ,V,) consisting of a bid 
and .1 pioposed quanlils with (he understanding that his share of cost is 
(<•/ — where 

I 

//,. =- h,, and .r £ XJ/. 

J * » A - 1 

I'/l l■'..lcll .igeiit has the luiqiialilied right to veto or agree to the cost 
sliaie [<! — /fjA allocated to him !))■ all other agents. He .send.s the 
message ".igree” by < lioosing A, ~ <1 — //,, and .V, = X. He sends the 
message “s'eio" if he chooses A, ij — 11^ and/or A', ^ X. 

‘ SusUr i.lM7(p) tills (1 tin- usr of “( Amn)<•^sa^i^^ Rlrclirins” lo resolve couflicU 

in siiii.il (hdifu. rh<‘ Avutnm t''.)«Lhoii, ilw "I'ldrtnan-I ullotk “Clarke Tax” Kleclion, 
.iinl Niisiti’s jMoj7osnl air identical in purpose although they represent disiincl mech- 

iVnisiiis 

- Also SIT liu( li.oEin (Id’>‘)) who. .ilinosi ;dom' fiinrmg inotlinn scholars, has f'xainined 
and t xtcndcrl ^\’lcks(■ll^s idc.is on puhhr rhoirr. 

pici iscly It is assumed that (h<’ie art* no iiKOtne elferts. A general equilibrium 
(\so-good i^one pi is.iie, one public) version ol (he Auction ^^r(hanlSIn using Cobb-Douglas 
payoff (iiiilucid \aluc) fuiu lions and a linear ])iotluction possibility frontier underlies 
,in rxpei inienial design currendy in r<*srarch protess, 'I'his more sophisticated experiment 
usis the 1*1.A rO tomputer system l<» piogram sublet is through the decision process d’he 
results ol the fust several expcrimi-nls suggest that introducing income effects does not 
reduce the ability of collectives lo n’ach public good decisions, but the decision outcomes 
apfiear to exhibit more sampling variation (across replications with different groups of 
subjects) than tlje partial equdibrium rxpeiinieiits repojted in Smith (in press/»). 
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(3) Group equilibrium prevails if and only if agreement is signaled 
by every agent i. If such unanimity obtains, X units of the public good 
are purchased with agent i paying = {<} — 

Under these rules, I’s net benefit is 


- (9 - Bi)X, if b, = q - Bj, and 



r,(0) = 0 , otherwise. 


(I) 


fionditions on (bj, A\) to rnaximi/c o,-, assuming concavity of F,, arc 



A, = <7 - 

A’j = X, for all i. 


( 2 ) 

( 3 ) 

(4) 


I'iach ! will Iry to sati.sfy (2} where the marginal privalc benefit from 
lii.s proposal, .V,, i.s equal to the net privalc price allocated to liim by the 
“market,” while if (.3) and (4) arc not .sati.sfied, the rules require each t 
to accept the inferior outcome 1,(0) = 0. The rules exclude i unless he 
agrees-to acccfit the unit cost q — and the group's proposal X. This 
is very similar to the incentive of an economic agent to “meet the market” 
in a competitive auction to avoid "e.xclusion.” The difference is that 
under the above rules if any i is excluded, then all arc excluded. Whether 
this difference leads to more extensive strategic, gaming and signaling 
that prevents e<|uilibrium is an empirical question which so far, in the 
literature cited, has not been an important problem. 

Equations (2) (4) yield the Lindahl equilibrium.'* Summing (2) over 
all i, and using (3), 

i I I 

E = E = E *< = fr. + 'R. = 9 

I 1=1 1=1 


Hence X must Idc tho Lindahl optimal quantity ol' the publitr good. 


^ Thesf conditions also define one of many local Nash equilibria. As shown in Smith (in 
press b) the Auction Mechanism provides multiple local Nash equilibria among which is 
the Lindahl equilibrium. J'his is easy to see from eq. (1), If.rV”is the Lindahl equilibrium, 
then any -Y X° yielding V^X) — — f^{}X > 0 for each t is belter than nothing 

and each i has at least some incentive to agree, i.e., to set q — Xt ~ X. Em¬ 

pirically (Smith, in press across experiments with difierenl subjecib, the hnal outcome 
bids are tightly distributed around the Lindahl prices, so that there is a clear 

tendency for the Lindahl optimal Nash equilibiium to prevail. But in erery case the 
Lindahl (and Pareto) optimal quaniity is chosen. Hence, cmpiiically, the Auction Mechan¬ 
ism allows for a fair degree of variability m the ex post disiiibution of wealth while 
preserving Pareto efficiency. 
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Observe that if A' is a public “bad” for any i, then V^ and F,' are 
negative, his bid A, must be negative, and in equilibrium each member 
harmed by A' is compensated. It is in the interest of all harmed agents to 
agree as soon as their compensation is “adequate” (what this means 
theoretically is that marginal Lindahl rent is zero). 


II. The Auction Election 

In social choice group decision produces a common outcome. Thus a 
referendum legalizing marijuana either passes or fails, and all citizens 
experience the re.sulting state. This is Just a di.screte public good (or 
bad) to which the Auction Mechanism applies if X is restricted to assume 
only the values zero or one. Under unanimity i receives net benefit D,- = 
F((l) — (17 — li,) = F|(l) — A, > Fi(0) = 0. In the problem of pure 
“political” choice the proposition has a zero resource price. Thus if the 
proposal is to make daylight saving time official across the United States, 
then q — () for that common outcome. Presumably this issue involves 
only private valuations. Of course q could be negative, for example, 
legalizing marijuana saves enforcement costs. 

Uonsidcr first the case of a choice between two alternatives, proposition 
A or A (not .1), that is, if d fails to be approved the status quo continues. 
In the Auctiftn Lleelion (q = 0) the social choice problem is solved by 
allowing each / to submit a bid A, $ 0 “on” or “for” the proposition. 
Proposition A wins if 1 otherwise it loses. As in (1), net 

bi-nefil for voter / is 

^ 1 T,(d) - A,. ifA. > -/I,., for all/ 

[F,(/f), otherwise. 

A transparent theorem is the following; If 

I I 

E > E 

1=1 1=1 

(A yields ;i larger rent to the collective than A), then there exists a bid 
b* for each i such that jiroposition A will win, that is, 

E b* ^ 0 , 

1= i 

and no i will be made worse off, that is, vf = F,(d) — b* > VAA). 
Formally, each voter i will rationally bid no more than his personal 
valuation of d, F,(d), net of the opportunily cost of A, Fy(zf), that is, A, ^ 
Fj(d) — Vi{A). Hence, if 

[F,(d) - VAA}] > 0, 

1=1 
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Alternative 


Voter 

A 

A 

1. 

. 30 

0 

2. 

. 0 

60 

3. 

. 40 

0 

Total. 

. 70 

60 


there exists an £, > 0 for each i such that if w.e set bf — Vi{A) — 
- £,■ < V,{A) - Vi(A), then 

I I 

A* = [Vi{A) — Vi{A) — £(] > 0 (proposition A wins), 

1=1 1=1 

and vf = V:{A) - hr = V,{A) - [V,(A) - V,{A) - £,] = K,(/f) + 

An example, borrowed from Tidcman and Tullock (1976), will help to 
illustrate the process. Table 1 exhibits the valuations of A and A for 
each of three voters. Proposition A might be a proposed change in a land 
zoning ordinance. Voter 1, now holding valueless property, would enjoy 
a capital gain of 30. Voter 2, owning land worth 60, would be wiped out. 
Voter 3, owning land worth nothing, would receive a gain of 40. In an 
Auction Election for A voter 1 will bid no more than 30, voter 2 no more 
than —60, and voter 3 no more than 40. Proposition A yields 10 units 
more collective rent than A. Voters can submit bids for A yielding an 
aggregate net benefit up to 10 without causing A to lose. Thus if £, = 3 
for each i, then 

i~ I 

proposition A wins, and each voter is 3 units better off. Each has a 
competitive incentive to bid enough to ensure passage of A to avoid 


* Clearly there is an infinite number of imputations of the surplus 

i mA) - KiA)] 

i m I 

among 1 voters, and each imputation represents a possible equilibrium outcome. Any 
particular equilibrium outcome may depend upon the strategic or ‘‘bluffing” behavior 
of agents, the utility of the outcome relative to the perceived subjective costs of “straie- 
gizing,’* and so on. The situation is analogous to the so-called indeterminacy in the 
classical bilateral bargaining problem. Indeterminacy simply means that we do not have 
as yet a sufficiently sharp behavioral theory to account for particular outcomes within the 
set of Pareto superior points. 
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“exclusion” from A and thereby being forced to accept a less desirable 
alternative. 

Obviously, proposition A will fail to win if one or more voters is “too 
greedy.” If voter 1 bids less than 20, thus holding out for more than a 
10 unit improvement over his present position, he will block passage and 
get nothing. If voter 2 bids less than —70, hoping for an improvement in 
excess of 10, he will get no improvement. And so each voter has an 
incentive to yield suflicicntly to ensure that proposition A wins. 


III. The “Clarke Tax” Election 

L'sing this example the Auction Kleclion can be compared instructively 
with the “( larke Tax” election propo.sed by I’ideman and Tullock (1976). 
b'ndcr their scheme A would also win over A. Assuming that each voter 
lesponds to the Tideman-Tulloek incentive to bid his full valuation, then 
voter I pays a tax of 60 — 40 = 20, the amount necessary to bring the 
bids for J up to ecpiality with the bids for A. Similarly, voter 3 pays a tax 
of.'iO, but voter 2 pays no tax becau.se his bids do not cltangc the outcome, 
th;ii is, ,1 would win over A if 2 did not bid at all. Hence, voter 1 ends 
with a benefit net ol his tax, 10, voter 3 with a net benefit, 10; but voter 
2, who jiays no tax and gets /ero from firoposition A, has bad his property 
(wot ih ()(l under .fj (onfisi aletl without tiue process. As noted by I’idernan 
and Tullock (1976, p. 1149), “It may seem that a person who sustains 
,1 huge los.s when his pr<4<'ren<<‘ is not llillowed deserves compensation, 
but ihb eauriot be given without motivating an cxce.s.sivc statement of 
tliffeiential value. ... In regard to the uncompensated losses that arc 
produied, the demaiKl revealing process is similar to majority rule.” In 
the Aiu lion Mecliaiiism, agieeinenl requires those who would gain to 
(oiiipeiisate those wlio would lo.se. Both types of voters have motivation 
to not ;isk Ihr an exeessive share of the rent, that is, to bid sulHciently 
high to avoid a le.ss favoiable outcome. Any mechanism that does not 
exploit this competilive-like exchi.sioii rharacteristie (or in some other 
manner maintains incentive compatibility) and docs not require unanimity 
seems likely to lie ineflieieni or confisratory or both (as with majority 
rule). But these criticisms of the “Cilarkc Tax” should not detract from 
the innovative contribution offilarke, Tideman, and Tullock. It should 
be expected that any of the several new mechanisms of public choice 
now 111 only their I'oiinalivc stages will be subjected to a variety of 
inipiosemcnts. * 

“ I'he .Auelioii, "Claiki- Tax,” ami Austcr “Compensaliiig” elections differ primarily 
m terms of how each would allocate (he consumer surplus from an issue among the 
electorate. 
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rV. Multiple Choice Auction Elections: An Experimental Design 


The Auction Election extends readily to multiple options. Let there be N 
discrete alternatives, p = 2,..., N, with option p having value 

Vf normalized so that the status quo null alternative to the N options 
has value zero for all i. Each i submits a bid b1 for option p. A winning 
option is one for which the algebraic sum of the bids is nonnegative and 
no smaller than the algebraic sum of the bids for any other option. Tied 
options are considered equivalent and a winner selected by an equal 
probability random device. The expression for net benefit is then^ 

I VP - bP 0 < b^t + > b] + 

t\ = j for all i and all q ^ p, ( 6 ) 

(O, otherwise, 

where 

= Z ^ = E 

j*t j*i 

If there is a winning option p it has the property 

0 ^ i: Af > E 6? 

1=1 (=1 

for all <7 # /). If there is no winning option, that is, b' + B' < 0 for all 
r = I, 2, . . . , N the status quo is maintained. 

The example in table 2 applying to six voters and three options provides 
the subject valuations in dollars used in the experiments to be discussed 
in the next section. The entries in table 2 arc measured relative to the 
status quo, or the null proposition (not shown). Thus if proposition 3 
wires, voter 1 ’s wealth state is $20 lower than if none of the three proposi¬ 
tions wins. Propositions 2 and 3 are both highly attractive with aggregate 
rents of $105 and $45, respectively, but the Auction Election can be 
expected to choose 2. Under a majority rule dcci.sion process the outcome 
is intransitive. Proposition 2 beats 1 by a vote of 4 to 2, proposition 3 
beats 2 by 4 to 2, and 1 beats 3 by 4 to 2. As is well known and typical 
of majority rule, ( 1 ) it leads to an incincient outcome unless the “right” 
agenda is followed, and there is no way (to my knowledge) that an 
appropriate agenda can be selected on the basis of objective voting data, 
and (2) even if the optimal choice is selected by majority rule it produces 
an involuntary redistribution of wealth. The Auction Election re¬ 
distributes relative wealth voluntarily. 

Note that an Auction Election with N options is just the Auction Mechanism with 
discrete, mutually exclusive alternatives, i.e., JV dilfcrent public goods X = 1, 2,. . ., N, 
one and only one of which can be chosen. 
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TABLE 2 

VoTEK Valuations ($) 
Voter 


Proposition 1 2 3 4 5 6 Total 


1 . 5 -30 -30 25 25 0 -5 

2 . 60 5 5 -10 -10 55 105 

3 . -20 45 45 0 0 -25 45 


V. Experiments and Results 

I hirly subjects participated in live experimental sessions, each consisting 
of six-member voter collectives using the induced value payoffs® in 
dollars shown in table 2. The instructions printed in the Appendix were 
distributed and read aloud to the six subjects in each session who had been 
recruited from large sections of business and economics courses at Arizona 
State and the University of Arizona. No subject participated in more 
than one session. Each subject also received a copy of a recording form, 
a sample of which (for voter I in table 2) is included in the Appendix. 
I'hc three propositions, as defined by the vector of subject valuations, 
were reordered (i.e., reiiittnbercd I, 2, 3) randomly for each experiment. 
In each experiment the subjects were a.ssigncd randomly to the six valua¬ 
tion conditions and seated so that the privacy of such information could 
be maintained. This right of privacy included a provision for separately 
payitig each subject his cash earnings after each experiment was com¬ 
pleted. It was then each subject’s choice whether such information was 
to be revealed to any other person. 

In each experiment a maximutn number of trials was specified. The 
lir.st trial was a "practice trial” that did not count in the determination 
ol a winning proposition. Experiments 1 and 2 (see fig. 1 ) consisted of a 
maxitiiutn of 10 trials, wliilc experiments 3, 4, and 5 allowed up to six 
trials. The trial inaxiiiiuiti was reduced after the first two experiments 
as it became evident that a very few trials were sufficient to allow col¬ 
lectives to leach a decision. It .seems possible that more trials may even 
make group agreement less likely. Only one of the five experiments 
(experiment 2) failed to produce a winning proposition, and it was a 
10-lrial session. 

figure 1 exhibits the trial .sequence of individual subject bids for the 
superior proposal (proposition 2, table 2) in each experiment. The subject 
identification numbers correspond to the voter numbers, with associated 

* Subjects were paid Ef — 4- $2 if proposition p won, E,® a= $2 if no proposition 

won, where the induced values Ef were as given in table 2. A total of $464 was paid to 
the 30 subjects under these rules. 








M«mb«r I Exptnmtnl I ERP«rtm«nf 2 £xp«rim«nt 5 Cxp«rtrT>tnt4 £sp«rim«nt 9 
60r-—1 I ^ i " ' i i' i i i 
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proposition values, shown in table 2. The panel at the bottom of figure 1 
plots the bid sum for each trial. 

The practice trial, besides providing familiarity with the procedure, 
was of considerable importance in yielding information, however im¬ 
perfect, on the potential surplus available among the three proposals. In 
every experiment the best proposition received the largest bid sum on the 
first tiial. ’I'his first-trial bid sum was positive in all sessions except ex¬ 
periment 2 and (especially in experiments 1 and 4) revealed to members 
of the collective that tlie total surplus available from the best proposition 
was substantial. (lonse-epiently, on the second trial the bids tended to 
fall sharply as suljjects generally attempted to “game” for an increased 
share of the surplus (23 of the 30 stibjects reduced their bids on trial 2). 
The fjuestion or liypothesis at issue, as in previous public good experi¬ 
ments (Smith, in press b) is nn! whether members will “game” for a 
])erson;d advantage in the Auction F.lcction, but whether the mechanism is 
suflieientlv effective to guide the collective to the optimal clioice. Obviously 
some, pcrliap.s many, members will “game”; and obviously, in figure 1, 
they ilo “game.” But the meehanisin also confronts each member of the 
collective with the discipline ofexcltision ifeach docs not, by the final trial, 
at least tnatch the “market price,” —/!/, presented to him by the other 
tnetiibers. four of the five experimental collectives reached agreement on 
the optitual proposition. In experiment 2 the group failed by $2, 

t ^ = - 2 . 

I -1 

on trial H) to elect the best proposition. If we take these results literally, 
the sample evidence suggests that an Auction Election choice among 
three [tropositions (four, counting the null proposition or status quo) 
witli parameters as defined in table 2 would select the optimal proposition 
in fit) percent of the elections. (And remember, under majority rule none 
of these propositions can prevail by pairwise voting.) Tlic robustness 
ofthe.se residts < an only be established with more experiments. Experiment 

2 was very close to producing agreement in spite of unusually aggressive, 
and ineffective, play by subject 4. 'I’his subject expressed puzzled dis¬ 
appointment with the outcome, suggesting that failure experiences might 
mitigate such aggressive bidtiing in sub.sequent elections. Experience 
may be an important treatment variable and deserves systematic study. 
However, the failure of experiment 2 may be due to the fact that subject 
3’s bill (2‘J) on trial 7 exceeded his valuation (.')), producing unrealistic 
profit expectations in the other subjects. 

In previous public good experiments (Smith, in press b) using the 
Auction Mechanism it was hypothesized that equilibrium bids across 
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TABLE 3 


Trial fi p. In, SE T(l,28) 


1 . 0.92 -0.678 -12.0 -3.01 .674 18.71 60.87 

/* - I. 1.10.6 -0.767 -24.18 -4..59 .630 24.72 .50.38 

(*. 0.998 -0.019 -16.33 -4.39 .737 17.46 82.29 


individual .subjects would tend to the theoretical Lindahl prices for those 
subjects. Formally this took the form of testing the research hypothesis 
P, = 0 and ^ = 1 in the regression equation 

yij = /J« + Px.j + (7) 

where jijy is the observed final equilibrium bid of subject j in experiment i 
and Xjj is the (experimentally controlled) Lindahl price for subject j in 
experiment i. In the present Auction Election experiments there arc no 
Lindahl prices where marginal Lindahl rents are zero because the public 
outcome of an election is discrete. However, the individual valuations 
x^j of subject i in experiment j for the best proposition do represent 
Lindahl price upper bounds on subject equilibrium bids. In the Auction 
Election these valuations should explain much of the variation in the final 
outcome bids. In the above regression for the Auction Election the 
research hypothesis becomes P, < 0, P = \. K P = \ the estimate 
—is a measure of the equilibrium surplus {x,j — y^j = — p,) obtained 
by the average subject. In the Auction Election the hypothesis that p = 1 
follows from the expectation that the surplus obtained by a subject on a 
winning proposal will not depend on his valuation, that is, those able to 
pay z dollars more will on the average pay z dollars more. 

The regression results using the data shown in figure 1 for the first, 
penultimate, and final (t *) trials are shown in table 3. For each of these 
trials p is very close to unity with very low (-values, particularly on the 
final trial. The estimates of p, indicate that the average voter’s initial 
demand for net surplu.s, $12, is below his final earnings, $16. On the 
penultimate trial the extent of “bhilhng” is indicated by an average 
demand for $24 of surplus. 'J’he values show that subject valuations 
account for 63 percent or more of the variation in subject bids. However, 
the final trial of .74 is below the final trial R^ in three different sets 
of public good experiments (Smith 1976f>), in which the Lindahl prices 
accounted for 82 percent, 97 percent, and 99 percent of the variation in 
subject bids. A reasonable conjecture might be that the mechanically 
simpler Auction Election invites more strategic bluffing and signaling 
by members of the collective. 
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VI. Conjecture, Impossibility Theory, and the Evidence 


In 1896, Wicksell conjectured that if the utility of a public outcome 
exceeded its cost then it was theoretically possible to find a distribution 
of costs so that all members of the collective would approve the outcome 
unanimously. In 1955, Samuelson first conjectured the “fatal inability” 
of any decentralized mechanism to determine optimal public choices, a 
view that was later (Samuelson 1969) reasserted even more emphatically. 
Neither Wicksell nor Samuelson actually specified decentralized mech¬ 
anisms which could provide theoretical foundations for their respective 
conjectures. The Auction Election solves the Arrow (1963) problem in 
somewhat the same sense that a competitive private goods economy 
solves the problem of resource allocation: the competitive economy 
provides a Pareto optimal outcome for a given distribution of primary 
resources and has nothing to say about the optimal distribution of such 
resources. Actually, the mechanism does a little more than this by provid¬ 
ing for some voluntary redistribution of wealth whenever a winning 
proposition is produced. 

Hurwicz (1972), for pure exchange private goods economies, and 
Lcdyard and Roberts (1974), for economics with public goods, have 
proved that it is impossible to find a mechanism that provides individually 
rational Pareto optima and which is simultaneously individually incentive 
conipatible. Obviously, the above mechanisms do not contradict these 
theorems whicli postulate a much broader range of strategic behavior 
by economic agents than Nash equilibrium competitive behavior. But 
why do real people making real decisions for real money, in the experi¬ 
ments reported here and in the cited experimental public good literature, 
behave predominantly in accordance with the competitive postulate? 
Why ilo they not exhibit the more “sophisticated,” “strategic” behavior 
postulated by Hurwicz and Ledyard-Roberts? I think it is because there 
are significant direct (and indirect opportunity) costs of thinking, calculat¬ 
ing, and signaling which make strategizing uneconomical. In the Auction 
Election the opportunity cost of failing to reach agreement is the loss 
of the more valuable best proposition. Strategizing not only consumes 
costly time and thought, it increases the risk of group disagreement. 
Di.sagrcemcnt means exclusion from better wealth states on the sobering 
principle that nobody gets more if there is not more available to get. 

Clan all the hartl scientific evidence from experiments to date be 
dismissed as irrelevant, too simplistic, or based on particular experimental 
parameters? I think not, for the reason that such results are consistent 
with a great deal of field evidence. Thousands of buildings have been 
purchased by religious organizations, clubs, art associations, and private 
societies through member voluntary contributions having the exclusionary 
characteristic of the Auction Mechanism and the Auction Election: if 
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contributions do not cover the cost of the proposed project, the project 
dies. Numerous universities meet specific capital needs from contributions 
and gifts by alumni and associates. We tend to explain these phenomena, 
while holding on to our enshrined belief in the impossibility of decentral¬ 
ized public good decision, by attributing them to atypical “altruism.” The 
theory discussed here suggests that such behavior is entirely consistent 
with self-interest motivation since the decision procedure is the same as 
that of the Auction Mechanism for public goods. 

But it is not my intention to argue that either the present state of 
evidence or the present state of theory is satisfactory. There is no theory, 
only conjecture, to support the assertion above that competitive behavior 
may be a rational response when signaling, thinking, and calculating are 
costly. Nor can we be confident of the empirical results until new experi¬ 
ments are conducted and old experimental results replicated with 
different subjects and different experimenters. In future experiments I 
intend to explore the effect of larger collectives, experience, and balanced 
budget versions of the Auction Election in which aggregate overbids 
are rebated in proportion to individual bids.’ 


Appendix 

Instructions 

This is an experiment in the economics of group decision making. The instructions 
are simple, and if you follow them carefully and make good decisions you may 
earn a considerable amount of money which will be paid to you in cash at the 
end of the experiment. Various research foundations have provided funds for this 
research. 

You are a member of a group that must decide which one of 3 proposals is to 
be selected. The group will decide by bidding which proposal will be chosen. The 
value to you of each alternative proposal is shown in column (1) (under each 


® In earlier experiments (Smith, in press b) it was found that the stopping requirement 
under which each member must exactly match his share of cost was needlessly demanding 
on group agreement. A better rule is to require b, q — B, and to distribute any overbid 
as a rebate to each member in proportion to his bid. Letting 

B = 2 = b, + B, > q, 

h- I 


each {is assigned a new lower bid 


Then 


, hiB - q) 
b,-b, - — . 



b,(B - ?)1 _ 


The budget is balanced with the new bids (6J), and since b\ < bi every agent is better off. 
In any case any agent can still veto the arrangement and reject the new calculated bid. 
This procedure makes group agreement mechanically easier, i,e., compliance cost is 
lower for the group stopping rule. 
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olliei Micinbers. .1 hid .should not < \(ird vour ftrof/osal lalur tf ivani to make money. 
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net value tot ihe winning pioposal. You will have a maximum of 6 inals lo 
cieU'inune ihe winning proposal. I'lie fiisi trial will be for practice lo familiarize 
vou vviih the protednie and will not coniit in determining a winning proposition. 

li a proposal wins wc will stop on that (nab and you will be paid $2 plus your 
m‘t value. Otheiwise, y ou will be paid $2 d'hr proposuion values on your record 
sheets are not the same for all members, 'I hcy represent your own private in- 
foimalion and are not to be revealed to any- other member. Feel free to earn as 
much cash a.s you can. Do not speak to any other participant. 
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This paper focuses on the causes of marital instability. Section I develops 
a theoretical analysis of mantal dissolution^ incorporating uncertainty 
about outcomes of marital decisions into a framework of utility max¬ 
imization and the marriage market. Section II explores implications of 
the theoretical analysis with cross-sectional data, primarily the 1967 
Survey ofEconomic Opportunity and the Tcrman sample. The relevance 
of both the theoretical and empirical analyses in explaining the recent 
acceleration in divorce rates is also discussed. 


At the beginning of this century, separation and divorce were unimpor¬ 
tant sources of marital dissolution* compared to death from childbirth, 
contagious diseases, and otlicr causes, (louples marrying could expect to 
remain together until death. I'lic substantial decline in death rates 
during this century, combined with a steady growth in separations and 
divorces that sharply accelerated during the last 10 years, has radically 
altered these expectations. Today, a typical couple has only a small 
probability of bring separated by death during their first 15 years of 

This study has been partially supported by grants to NBER from the National Institute 
oi Child Health and Human Development, DHEW; The Rockefeller Foundation; the 
National .Science Foundation for the study of law iind economics; and by NBER. The 
aullujrs wish to thank Michael (*rossniaii, Michael Keeicy, William Landes, Sam 
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ments, and Barbara Andrews, Kyle Johnson, Gale Mosteller and Richard W'ong for 
valuable research as.si.stance. This report has not undergone the review accorded official 
NBER publications. 

' Throughout this study wc use the terms “divorce’* and “dissolution” interchangeably, 
and we do not di.stinguish in the theoretical .section among separation, annulment, and 
divorce. 
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marriage, but perhaps 10 times as high a probability of being separated 
by divorce. 

This dramatic change in the incidence of voluntary dissolutions has 
major implications for many kinds of family behavior, tionples are reluc¬ 
tant to invest in skills or commodities “specific” to their marriage if they 
anticipate dissolution; having children and working exclusively in the 
nonmarket .sector arc two such marriage-related activities. That is, the 
rise in women’s labor force participation rates and the fail in fertility 
rates in the past 2 decades have partly been caused by, as well as being 
causes of, the rise in marital instability. 

-Mthougli many effects of marital dis.solulion arc di.sciissed, this paper 
focuses on the causes of dissolution. Why are divorces more common 
among the poor, blacks, geniuses, and the retarded, or among couples 
marrying young, or couples in lacially or religiously mixed marriages? 
Do the catises of cross-setlional differences in divorce also explain the 
growth in the divorce rate over time, including its recent acceleration? 

We Itelieve that these causes can be discovered by extending the analysis 
of inai riage deveio|)ed by Beckei (1974). Dc assumes that iiersons marry 
when (he utility expected from inaiiia.ge exceeds die utility expected 
from rem.uiiing single. 11 is natural to tissiiiiie further that coiijrltvs separate 
when (he iitilii)' expecied lioni remaining married falls below the utility 
expel ted frotn divorcing and jiossibly tein.tri) ing. One way to leroncile 
the telatively high utility ex))ected fioin marriage at the time of marriage 
.ind the relatively low utility expecied at the time of tlissolution is to 
introdute utu('rtainty and deviations between expecied anti realized 
utilities. 1 hat is. |)cisons separating presumably had less favorable out- 
lonies Ifoin their marriage than they expected when marrying, 

Section I develops a theoretital amilysis of marital dissolution that 
mcoipoiates uiicei ttuiity alioiil outcomes of'mtiiital derisions into the 
liamewoik of iitilil)' maxiiiil/alion aiirl the mania,gc market. This analysis 
lui.s implications about the clfci (s of income, age at marriage, fecundity 
iinpidi menis, luuuhei orcluldi en, tluration of marriage, welfare payments, 
anti many oilier variables on die likelibootl of marital di.ssolution. Section 

II tests tbcsf implications with cross-sectional data, primarily the 1967 
Survey of liconomic Opportunity anti the I crman sample of geniuses. 
I'A’iilenee lioiii many other stutlies anti from time scries is also disrussecl. 
I'or the most part, the evitleiiee eonfirins the theoretical predictions. 

I'lie analysis presenteil here is also applicable to other contracts of 
inticlinite duration, where the parlies involved have the option of termina- 
litm, perhaps with a penally. Ivxamples include c.xplicit contracts between 
business partners anil implicit “contracts” binding together employees 
anil employers, customers and suppliers, or friends. The relation, for 
example, of employee turnover to duration of employment, specific 
investments, marital status, and other variables is illuminated by the 
analysis in this paper. 
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I. Theoretical Analysis 

1. Basic Framework 

Households arc assumed to use nonmarket time and market goods to 
produce nonmarketable commodities. Each person maximizes the utility 
from the commodities that he or she expects to consume over his lifetime. 
With risk-neutrality, this criterion simplifies to the maximization of 
expected full wealth—the present value of the stream of commodities 
consumed. Full wealth does not equal money wealth alone but also 
takes account of the productivity of nonmarket time. 

By assumption, each marital “strategy” produces, a known amount of 
full wealth, and the opportunity set equals the set of full wealths produced 
by all conceivable marital strategies. The individual ranks all strategics by 
their full wealth and chooses the highest. Even with certainty, a strategy 
with marriage, then dcssolution, and eventually remarriage might be 
preferred to all other strategics and would be anticipated at the time of 
first marriage. Dissolution would be a response perhaps to the growing up 
of children, or to diminishing utility from living with the same person, 
and would be a fully anticipated part of the variation in marital status 
over the life cycle. 

It is commonplace that uncertainty pervades all decisions, and perhaps 
nowhere has this been more fully appreciated than in discussions about 
marriage.^ Even after prolonged dating, newly married persons face 
tremendous uncertainty about their own or their mate’s needs, their 
capacity to get along with each other, their fecundity and other aspects of 
having and raising children, and so on almost indefinitely. Uncertainty 
introduces a whole new dimension into the analysis because dissolution 
no longer need be fully anticipated but can result from unexpected 
events. 

The optimal marital decision at any moment would be the one that 
maximized the expected value of full wealth over the remainder of life, 
given the realizations up to that moment. The optimal strategy would be 
the set of all these optimal decisions and would in general include divorce 
at different stages in the life cycle, sometimes contingent on the realization 
of unfavorable outcomes, and sometimes consistent with the realization 
of expected outcomes. With divorce viewed in a stochastic framework, 
it is natural to consider the probability of divorce as a function of two 
factors; the expected gain from marriage and the distribution of a variable 
describing unexpected outcomes. The probability of divorce is smaller 
the greater the expected gain from marriage, and the smaller the variance 
of the distribution of unanticipated gains from marriage. 

* “Marriage is the only adventure open to the timid” (Voltaire); “marriage be a 
lottery in which there arc a wondrous many blanks . . .” (Vanburgh); “marry in haste, 
and repent at leisure” (Cabell). (These references are taken from Evans [1968].) 
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We suggest that the majority of divorces results from uncertainty and 
unfavorable outcomes and, therefore, would not occur in a world where 
outcomes could be anticipated. Indirect evidence supporting this view 
is that most dissolutions occur early in marriage, not after many years 
when children liave grown or couples have tired of each other. In fact, 
the median duration to divorce has been about 7 years, and three-quarters 
of all divorces take place helbre the fifteenth anniversary of marriage.^ 
Sinci- theic ate sizable emotional and financial costs of divorcing, people 
would presumably picfcr to remain .single rather than enter a marriage 
that is expectetl to dissolve within a few years. 

L'p to this |)oint we have tliscii.ssed one spou.se's decision about divorce 
as if the other spouse bail no say in the matter. If the two spouses concur 
m jiitlging then own t xpecled lull wealth to be greater either by remaining 
mtirried or by divoK ing, there would be no disagreement about w'hether 
111 tint todivoice. Hut what if these judgments tlifl’er? If all compensations 
between spouses were feasible and costless, a couple w'ouki separate if, and 
only if, theii <<imbine<l wealth from lemaining married were expected 
to be less than iheii comhineil wealth when separated. For if one spouse 
expet ted gictitei sepaiated wealth while their expected married-wealth 
was gieaici than their combined expected se))arated-wealth, the other 
s|)ouM' utnikl be tible to compensate the first to remain marrictl. Likewise, 
ii one spouse expet tetl less separated wetilth while their combined 
separiited-wtaltit was gtealer than their married-wealth, he or she 
t oultl be i ompenstiletl it) separate (if ctinsent were required) because the 
one spouse's gam woultl exccetl the ttther’s Jtrss. Indectl, contpensation t)f 
a spouse It) miluce at tpiiest ent e is an excellent illustratittn of the “fioase 
I heoicm" ih.tl the allticatit)!) t)f prtiperty rights t)r legal liability dt>es not 
inlluentf lesttutte .illtiealion when the parties involvctl can bargain with 
eat h olhei at little cost 

I'he ctutihision ih.tl a ct)uple thssolves their marriage if, and only if, 
then lombmetl wealih when tlissolveil ext t eds their cotnbined marrieti- 
weallli is a tlirect exlensit)n t)f (he corulusit)n (see Becker 1074) that 
single pet sous manv if, anti ttnly if, their combinetl married-wealth 
ext ceils iheii lombincil single-wealth. Both conclusions assume that the 
tlivision 111 wealth between males is Ilexible, which contrasts sharply with 
the .issiimption implitit in many discussions, namely, that the division 
ol niarrietl-weahh is rigidly tleteiininetl by cuslom, “family” goods, and 
the like, .\sset tianslers atul alimony ptiyments alter dissolution introduce 
mote llexibility into the division than may a]rpear from the importance 
of "lamily” gooils. in the same way (hat tisset transfers prior to marriage- 


■'Dining llie ttlfiOs .uni PXiOs lilt- nii’di.m duration of marriage prior to divorce 
latiged between .^i.tl .ind 7.5 yeais iii the United .Slaliss (Piateris IU736, p. 39; and 
I’lateiis i;)73«, p 49). 
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such as dowries and bride prices—introduce more flexibility into marital 
divisions. 

If the division of wealth between spouses is sufficiently flexible, it 
would not be meaningful to say that one mate “walked out” on or was 
“abandoned” by the other. This is obviously not a useful distinction when 
each gains from divorce, but it is also true, if less obviously, when divorce 
is available at the option of cither mate. Suppose that one mate gained 
100 units and his spouse lost 60 units of real income from a divorce, 
relative to their predivorce division of outputs. Relative to that division, when 
divorce occurs one might say she was “abandoned” and he “walked out.” 
He would be willing to stay, however, if the divi.sion within marriage 
were changed in his favor by at least 100 units, but with that division she 
would “walk out” and he would be “abandoned” because she would 
gain more than 40 units from a divorce, and he would lose. Whether one 
mate “walks out” or is “abandoned” is ambiguous, therefore, and depends 
critically on the marital division that is used as a yardstick. 

The same argument applies to the distinction between “quits” and 
“layoffs” in discussions of the turnover of employees. If the combined 
wealth of a firm and employee were decrea.sed by a separation, there 
would exist a transfer (i.e., a wage payment) from the firm to the employee 
(or vice versa) that would induce them to stay together. Of course, even 
if their combined wealth were increased by separation, the firm would 
want to, keep him and lie would want to leave at some wage. However, at 
a sufficiently higher wage, the firm would want him to leave and he 
would want to stay. Although wage “rigidity” may prevent fluid divisions 
between firms and employees, the rigidity in labor (as well as marriage) 
markets has been greatly exaggerated, and combined maximization is 
probably also the appropriate model in labor markets.'* 

2. Dissolution and Expected Gam from Marriage 

The probability of divorce is greater the smaller the expected gain from 
marriage, provided unexpected gains are not strongly negatively corre¬ 
lated with the expected gain. Becker (1974) provides an extensive analysis 
of optimal marital sorting that explains the predominance of positive 

* Instead of basing the distinction between quits and layoffs on rigidity in the wage or 
marital division, a more promising approach relics on the cause of a job or marital 
separation. A quit could be said to result from an improvement in op)Jortunities elsewhere 
and a layoff from a (usually unexpected) worsening in opportunities in this job or 
marriage. This way of distinguishing quits from layoffs has many implications, among 
them that persons quitting have shorter spells of unemployment (or duration of time to 
remarriage) than persons laid off and improve their circumstances more in their new 
jobs (or marriages). These implications have received some empirical support (see 
Kuratani 1973; Bartel 1975; Hashimoto 1975; Martin 1977). We conjecture that most 
marital separations, as most job layoffs (see Fcldstein 1976), arc temporary; i.e., separated 
mates are more likely to return to each other than to divorce. 
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assortativc mating with respect to personal characteristics such as edu¬ 
cation, height, intelligence, age, property income, physical attractiveness, 
etc. I'hc explanation applies to all traits which are not good substitutes 
in tlie production of commodity income, while negative assortativc mating 
would be optimal for substitutes, such as wage earning power. Becker 
further shows that, where positive assortativc mating is optimal, persons 
with higher-valued characteristics gain more from marriage (compared 
to being single). So couples witli, say, more property income or education 
would be expected to have greater gains from marriage and consccjuently 
lower probabilities of divorce. 

Uecker’.s analy.sis of optimal sorting assumes lliat the trails and pro¬ 
ductive rapacities of persons are fi.xed. However, they are alVccted by the 
marital sorting itself I’or e.xamplc, a person will tend to specialize in 
acquiring skills that raise market productivity comiiarcd to nonmarket 
produetivity if he spends more lime in the maiket sector after marriage 
as a result of substitution ofspouse's time in the nonmarket sector, (ion- 
veisely, be will specialize more in acquiring nonmarket skills if he spends 
more time in the nonmaiket set tor alter marriage. 

riu'iefore, the gain from mariiage compared to being single depends in 
piii'l tin the e.xlent to which inv'csimenis in skills arc oriented to the 
division of labor within m.irritige. The ellect of s[)eeiali/,ed investments 
on the ineeniive to become and to slay married can explain why women 
have Itaditionally m.trried earlier; their investments h.ive been more 
closely geared to child rearing, honsehold management, and other 
vlomestic activities th.il aie tiiui h less useful to single prisons.' As another 
example, consider men with relatively high earnings potential. In the 
o|)limal soiling, they iiuirry women with rehilively low earnings polenlittl, 
giealer |ibysie,d altraetiveness, and superior other nonmarket eharac- 
lerislKs. riieielore, men willi relatively liigb earnings potential gain more 
bom m.uiiage than men with relatively low eainings potential not only 
bei aiise of the higher level of their income but also because of greater 
g.litis Irom specialization within marriage, since their mates have ;i 
eom)).iralive advanttige in sjteeiali/ing in nonmarket investments. 

.\s a final example, eoiisider the relation between level of schooling 
.mil the gain from marriage, for persons with relatively high levels of 
schooling, the ellect of specialized investments on the gain from marriage 
at le.'ist partly offsets the effect of optimal sorting. On the one hand, 
marriages between highly eclueated individuals have greater gains 
because of the s|)ouses’ high levels of market and nonm.arkct skills. On 
the other hand, they have lower gains because they typically involve less 

® Arcoidirigly, il i» iioi sfurprisiii^ Ihat thr sex dinirf'nlial in agr at first marriage has 
greatly during ihr last 20 years (sre Platcris U)73t, p. the invfslmcnls of 

womrn ha\c bfxomc niucli less specialized to married lift* as they have reduced ihcir 
childbearing and increasingly entered the labor force. 
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specialization between spouses, since more educated women participate 
more in the labor force. Consequently, there is no clear theoretical 
prediction about the net effect of schooling level on the gain from 
marriage. 


3. Dissolution and Search 

In this section we discuss the .sorting of persons and the stability of 
marriages when there is limited information about tlic traits of potential 
mates, and when remarriage is not possible (remarriage is introduced in 
Section 1.5). It is often difficult—that is, e.spcnsive—in actual marriage 
markets to find a satisfactory mate. For example, persons with rare traits, 
such as an IQover 150, $1 million, a height in e.xcess of 6 feet 6 inches, or 
being a Moslem in South Dakota, usually have to .spend considerable 
resources “searching” for males with similar trails because most persons 
encountered have more typical traits. Anticipating these tiilficulties, 
persons with rare traits may compromise and settle for mates with less 
similar traits; that is, they may give up the gains from an ‘‘optimal” 
mate in order to reduce their expenditures of time and money on search. 
The costs of finding a satisfactory mate are important in understanding 
marital dissolutions becau.se they can affect the expected gain from 
marriage. 

Imperfect information that results from the cost of finding a mate 
cannot- increase the gain from marriage above the “optimal” (i.e., the 
gain with p< rfecl information) for any cottple and will reduce the gain 
for most couples. Since the total gain from marriage over all marriages is 
maximized in the “optimal” sorting, persons not matched in this sorting 
could not increase their gain by marrying each other, Consequently, 
most couples will gain less in ail other sortings, and some couples may 
gain the same amount. 1 he actual and “optimal” sortings differ because 
tlic cost of finding a mate induces at least some couples to accept a lower 
gain from marriage than they would receive in the “optimal” sorting. 
I'hc larger the marital search costs, the smaller the acceptable gain, and 
the larger the deviations from tb<- “optimal” sorting. Although all couples 
gain less (or at least do not gain more) than in the “optimal” sorting, 
some persons with relatively low search costs may gain more because they 
can capitalize on the greater search costs of others to make advantageous 
marriages. 

The process of searching for a mate can be formalized along the lines 
developed in the extensive recent literature on search.® Each person 
spends resources selecting a drawing from a frequency distribution of 
potential mates; each drawing gives the wealth that can be expected from 

** .Search theory was first applied to the niarriagc market by Kccley (1974). 
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that match. This frequency distribution is determined by the search costs 
of all persons in the marriage market. If search costs were zero for every¬ 
one, thi.s distribution would reduce to a single point—the person’s wealth 
in the optimal sorting. 

After each drawing the individual must decide whether to accept that 
match or 10 continue searching for a better one. The cost of continuing to 
search for a better match is the .sum of search costs and any income 
forgone by remaining single rather than marrying an available match. 
The expected benefit from continuing to search equals the product of the 
probability of finding a preferable mate times the expected increase in 
wealth from finding a preferable mate where is the 

expected wealth from a better match and is the expected wealth in 
tlie l)cst available marital status (i.c., single or married to the best avail¬ 
able potential spouse). The individual is indifferent to accepting the 
available offer when the cost and expected benefit from additional search 
are eciual Actual marital offers differ even among persons with the same 
search costs and the same frequency distribution ofoffers since some will be 
“lucky” and some will be “unlucky.” The latter will have, after the 
marital search process ends, lower expected gains from marriage and 
thtis higher probabilities of divorce. 

The search jirocess can also be u-sefully described in terms of the set 
ol'act cpiable traits. II search costs, wealth, and number of persons varied 
continuously as a function of traits, the acceptable traits would form a 
closed continuous set around the “tiptimal” trait (i.e., the trait of one’s 
mate in a world with perfect information) (sec Wessels 1976). The upper 
and lower bounds of this set are depicted as A“ and A) in figure 1. The 
e.spected wealth from a match with either trait vf, or trait A“ must equal 
the value of atlditlon.d .search when these matches are available, and 
these matches must both provide the same wealth, The offers 

available fiom matches to persons with traits anywhere to the left of A, or 
to the tight of d“ must be le.ss than the value of additional search when 
facetl with these matches (otherwise these traits would be in the acceptable 
set), so continuity implies e{|uality between the offers and the value of 
search at the boundaries of the acceptable set. These boundaries are 
determined not only by one’s own search costs, but also by the costs of 
everyone else in the marriage market, the distribution of traits in this 
market, and household production functions. 

Since offers must exceed the value of search in the interior of the 
acceptable set, interior offers must exceed the offer at the boundaries.^ 
In figure 1 we assume the wealth ofl'crs rise continuously with A from the 
lower boundary to a peak somewhere near the “optimal” match and 

^ for a proof, see Becker, f.andc5, and Michael (1976), an early, lengthy version of 
this pajK-r. 
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then fall continuously to the upper boundary. The distribution of offers 
need not be symmetrical around the peak offer, so that the lower and 
upper boundaries will not in general be equally far from the peak. 

A movement to the left along the distribution of wealth ofiers corre¬ 
sponds, ■Although not perfectly, to a movement in either direction away 
from the “optimal” matching trait in figure 1. Therefore, when one 
accepts an offer closer to the minimum acceptable offer, he generally 
accepts a greater “mismatch,” a greater deviation between his actual 
and his “optimal” matching trait. An increase in search costs alone lowers 
one’s minimum acceptable offer and widens the boundaries of his accept¬ 
able set of traits in figure 1. Greater mismatches become acceptable 
because the value of additional search is reduced by the increase in search 
costs. Consequently, an increase in search costs can be said to increase the 
frequency of dissolutions because it increases the incidence of mismatches; 
hence, dissolutions and mismatches should be positively related 
empirically.® 

In addition to “extensive” search, there is “intensive” search to 
improve the accuracy and reliability of expectations about a particular 
match. An individual spends time and other resources learning more 

* The equilibrium acceptable sets of men and women in the marriage market arc 
interrelated in a very simple way. If .4,, is the tower bound of males with the trait 
then is the upper bound for females with Ai^ (for a proof, see Becker ct al. 1976). 
Similarly, /!„, is the lower bound for females with A“‘. Therefore, if all the male boundaries 
were known, all the female boundaries would also be known, and vice versa. Moreover, 
if all male boundaries increased as their trait increased, then all female boundaries would 
also increase as their own trait increased. 
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about a potential spouse through dating and other contacts because his 
expectations are partly determined by information he has about himself 
and the potential mate. In a simple model of this search process, evidence 
on the match accrues at a constant rate during a courtship and after 
marriage. Clearly, the probability of dissolution would be smaller the 
smaller the variance in the distribution of realized wealth; it would also 
be smaller the longer the duration of a marriage because only marriages 
with favorable realizations survive long durations.’ 

This simple model can be generalized to permit the How of evidence to 
depend on direct search outlays and on whether the search was prior or 
subsequent to marriage. Using the arguments developed for extensive 
search, wt; can sliow that an increase in intensive search costs reduces the 
optimal accumulation of information prior to marriage. As a result, the 
probability of dissolution would be greater when intensive search costs 
were greater because the probability ol entering into a mismatch - a 
match involving a greater variance in outcomes and possibly a lower 
mean outcome would be greater. Therefore, an increase in either the 
cost of intensive or extensive search would increase the probability of 
dissolution. 

Moreover, the optimal amounts of intensive and extensive search arc 
not intlepcndent. I’resurnably, a |)cr.son skilled at one kind of searching 
also tends to be skilled at the other; also, an increase in the value of one’s 
little increases the cost of Iroth kinds of search. Since extensive and inten¬ 
sive search are positively related, smaller expected gains from marriage 
(due to less extensive search) and less reliable expectations (due to less 
intensive search) tend to go together. Consequently, the expected gain 
and the variiinee in realizations are probably negatively related, not 
independetil, ns we have been assuming. 

.Sevr'ral determinants ol the cost of .s<-arch are now considered. If a 
matching trait is tare such as very high or very low intelligence or an 
nmommon lace or icligion extensive search costs would be greater 
because persons with average traits arc more readily encountered in the 
marriage mat ket.' ’ That is, the frequency distribution of offers to persons 
looking liir rare traits is less dense in the region of acceptable offers.'* 

(ionsecpiently, the probability of mismatches, and thus of marital dis¬ 
solutions, would be greater with rare traits. 

Jovanovic (I‘171)) develops a model ol’iiilensive search along these lines in the context 
ol matching rm])loyees and flints, and dreives these and other implications. For a similar 
model ofsearth, see Mortensori (1976). 

Markets are sometimes organized in ways that facilitate marital search. Examples 
include dances for tall persons, social activities centered around a church, residential 
segregation of minorities, and coeducational universities that require considerabJe 
intelligence for admission 

* ‘ Weasels (1976) shows that the region of acceptable offers is wider and the prob¬ 
ability of a mismatch greater when the distribution is less dense. 
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Women who become pregnant accidentally while searching for a mate 
have an incentive to marry quickly, even if they have not completed their 
search, because of their desire to "legitimate” their children, and because 
they become less valuable to other potential mates. Put differently, they 
are more likely to accept a mismatch because the cost to them of additional 
intensive and extensive search has increased. Therefore, accidental 
premarital conceptions should inciease the ]>robability of marital 
dissolution. 

An iinpoi taut finding in in aclically every study of tnarital di.ssolutioti 
is that persons marrying much younger than average have significantly 
higher probabilities of dissolution. If the cost of search dilfered primarily 
because of dilfercnccs in, say, the cost of time or even the incidence of 
premarital conceptions, persons with higher costs would marry relatively 
young and would be relatively more likely to dissolve their marriages.'^ 

.Age at marriage also depends on the degree of bias in expectations. 
Persons who arc excessively pessimistic about their distribution of poten¬ 
tial offers relative to the oU'ers sampled (or excessively optimistic about the 
sampled ofleis relative to the distribution) tend to tnarry earlier because 
the sampled olfers appear to be attractive coinpaied to the value of 
additional search. Siiiiilaily, optimists about the distribution of offers 
(or pessimists about the sampletl olfers) tend to marry later because 
additiotial search appears attractive. 

1 he additional evidence accruing after marriage would induce persons 
who were excessively optimistic about their males to revise downw'ard 
their expectations and would thereby increase the probability of dis¬ 
solution. Since persons marrying at young ages are on average more 
optimistic, they would be more likely to dissolve their marriages. The 
probability of dissolution may not continue to decline with age at marriage, 
however. As peisons continue to be uninarried, their expectations become 
inoie realistic, and they reduce their minimum acceptable income oilers; 
they reduce ihclr acceptable olfers also because the number of years they 
could remain married would be declining. I'his is es|)ecially relevant for 
women, sinee after age 40 they have a limited capacity to bear children. 
A reduction of their minimum acceptable olfers, however, raises the 
probability of dissolution because it retluces their gain from marriage, 
'i'hereforc, the probability of dissolution could begin to rise for persons 
marrying at older ages.' ^ 

fhere is a common belief that dissolutions arc evidence of marital 
failure that should be avoided if at all possible. Dissolution is a response, 

‘ ^ The efTcct of dith'rcnccs in scarcll efficiency are less clear-cut. Although less effit letil 
searchers make fcw<T searches, they spend less total lime 4»n search only if the elasliciiy 
of the nurnher of searches with respect to change in < diriency cs .sufficit'utly gieat. 

’ •* The cfToct of a change in the opportunity cost of bcarrh is discussed in Becker et al. 
(197G). 
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however, to new information, favorable as well as unfavorable. Moreover, 
the freedom to dissolve reduces the impact of unfavorable information, 
and thereby reduces the incentive to delay marriage or otherwise search 
more in order to avoid a mismatch. 

4, Dissolution and Investment in Manlal-specijic Capital 

Married persons invest in many assets, including houses, children, market 
and nonmarket skills, and information. Some of these investments, such 
as in household appliances, automobiles, or knowledge of consumer 
prices, would be almost as valuable if marriage dissolved. Other invest¬ 
ments, however, would be much less valuable. Children are an important 
example of the latter type, .since one parent usually has much less contact 
with the children alter dissolution, father e.xamples arc .sexual adjustment 
with one’s spouse, and specialized market and nonmarket skills used 
relatively more while married. The investments that are significantly 
less valuable when single can be called “marital specific” (see Becker 1974, 
p. 3311). 

rile accumulation of “general” capital docs not alVcct the expected 
gain from remaining married compared to dissolution, whereas the 
aeeuinulation of marilal-speeific capital raises the expected gain because, 
by definition, this capital is not as valuable when single. Therefore, the 
aeeumulation ol specific capital discourages dissolution. 

Of course, the causation runs in both directions: the possibility of 
dis.solulioti .ilso discourages the accumulation of specific capital because 
sueli eapit.il is less valuable after dissolution, I’or example, persons with 
high .search costs, such as those with rare traits, or persons unlucky in 
then search woiikl tend to invest less in children and specific skills because 
iheir marriages have a higher probability of dis.solution. They may be 
especially cautious in the first few years of marriage when the probability 
of dissolution is usually higher. Indeed, a major reason why couples 
search intensively iluring the first few years after marriage is to improve 
iheii iiifortnation before they invest substantially in specific capital. 

Since an autonomoiis increase in the probability of di.ssolution dis¬ 
courages investment in specilie capital, which further increases the 
probability of di.ssolution, an increase in search costs would increase this 
probability partly because it induces a decline in .specific-capital invest¬ 
ment (for a proof, see Bet ker, Landes, and Michael 1976). Moreover, 
expectations become self-fulfilling in the sense that a rise in the anticipated 
probability of dissolution may be partly realized only because the induced 
decline in specific capital increases the actual probability of dissolution. 

Perhaps after an initial period of caution due to uncertainty about 
dissolution, marital-specific capital would grow with duration, at first 
rapidly, then more slowly, including a possible decline at long durations. 
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Since sfjecific capital reduces dissolutions, the probability of dissolution 
would tend to decline at a decreasing rate with duration; as the stock 
of specific capital eventually declined—perhaps because children grew 
up—dissolutions might eventually even begin to increase. 


5. Dissolution and Remarriage 

Although we have assumed that persons dissolving their marriages must 
remain single, the great majority in the United States eventually remarry; 
80 percent of divorced males and 75 percent of divorced females remarried 
in the 1967 SEO survey. Even countries that forbid divorce and legal 
remarriage cannot prevent common law or “consensual” remarriage.'* 
When remarriage is possible, the wealth expected from remaining married 
would be compared not only to the wealth from becoming divorced, but 
also to that from remarrying. 

Remarriage has significant effects on the timing and incidence of dis- 
,solutions. An unexpected increase in wealth—perhaps because one mafb’s 
earnings or the other’s nonmarket productivity was greater than 
anticipated—would increase the gain from continuing the marriage com¬ 
pared to becoming single again because married wealth typically would 
be increased by more than single wealth. The probability of dissolution 
would be reduced, therefore, if being single were the only alternative to 
remaining married. If remarriage is possible, however, the probability 
of dissolution might well be increased because the gain from marrying 
someone else could increase by more than the gain from remaining 
married to the current mate. For example, a more educated, attractive, 
competent, or healthy mate would have been selected if a person 
anticipated that his earnings, personality, or health would turn out as 
well as it did. His actual mate would try to maintain their marriage by 
giving him a larger share of their full wealth. But beyond some point, 
their combined wealth from dissolution would exceed their wealth from 
staying together. 

This positive relation between unexpected events and the incentive to 
dissolve marriage can be used to reconcile the actual evidence on dis¬ 
solutions with some popular beliefs. For example, it is almost universally 
believed that higher-income persons separate and divorce more fre¬ 
quently than others, yet statistical studies invariably show the opposite. 
Since an unusually large fraction of persons who were favorably surprised 
have high incomes—such as persons who married as undergraduates and 
became successful lawyers, physicians, or executives—popular beliefs can 
be dominated by the positive effect of favorable surprises on dissolutions, 

Sec, c.g., the study by Kogut (1972) of the incidence and stability of consensual 
unions in Brazil. 
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whereas (he s(ati.stical evidence is dominated by the negative effect of 
liigh anticipated ("permanent”) incomes. 

The possibility of remarriage could greatly increase the probability of 
dissolution, since the realized wealth from a marriage could remain above 
single wealth Itnt could be below a much higher expected wealth from 
remarriage. Moreover, a decrease in the expected gain from marriage 
compared to being single might attna!ly reduce the probability of dis¬ 
solution bet arise the expectcfl gain compared to remarriage could increase, 
for example, a reduction in the minimum acceptable marriage offer 
rediKcs ihe .gain compared to being single but could increase the gain 
coinpaietl to remarriage if the distribution of oilers and the minimum 
actcplable oiler were the same in both the remarriage and the first- 
marriage markets. 

Nevertheless, .specifit capital, search costs, and variables that affect the 
gain from tiiarriage tinder certainty tentl to have the same qualitative 
effects on the probability of dissolution when remarriage is possible as 
we h.ive shown ihem to have when remarriage is e.xcluiled. This is 
obs ious foi the (apital spei ilic to a particular marriage - such as 
< hildten and < an also be easily shown for \ ariables hke expected income 
and be.iiity dial allctt the gain from marriage.' ' It is less obvious for 
search costs lieeausc an inciease in the cost retluces the valtie of search in 
the lemartiage tiiaikct along with the mittiiniitn accejitable oiler for a 
111 St mat riage. 

'I'ct an increase in the cost of search would tend to increase the prob- 
.diility ofdissolutioii even w hen the distribution of oilers and the uiinimum 
ateeplable oiler wcie (he same in both the remarriage and first-marriage 
markets l ot one thing, if an increase m the cost of search increased the 
cost of intensive si'arch (an<l hence (he vaiiance of outcome.s fi'oni a given 
lu.iich) along with the cost ol extensive scan h, Ihe probability of ilis- 
solution would increase because a huger fraction of outcomes from a first 
iiiarriage wdulsl be less than the ininimuin acceptable oiler, which 
eepials the value of seart hing for a new male. 

In atldition, an increase in the cost of searth increases the probability 
dial seaiili ,liter maniage would reveal a preferable match. When 
lemarriage is |)ossil)le, continued marital search may be quite rational, 
.Old die lietpieiuy of extramarital relations is some evidence on the 
iiiipoi lance of.such seaich.'*’ Since an incroasetl cost of search lowers the 
e.xpected \-.iliie of the oiler accepted in the lirst marriage, it raises the 
piobability that .i random drawing from the remarriage market will 


' ' A shill lo ihi’ I iglit Ill iIh clisti ihuiiOM oftifTrii. raises thr rxpiTIcd gain from marriage 
(oMip.itid Imih to the niliiiniiiiTi iuceptahli' oHer—vvhich also shifis to the right but by 
less ili.ui the slnll in the distribution— and to the "ofler" from being single. 

’IVihajis nioie persuasive e\ulencc is that a significant number of persons remarry 
sJionly aflci (heir fiKsi m.irriagc dissolves (see the eiiipiriral evidence in fable 6). 
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produce a better match, and much of the searcli after marriai^fc may be 
equivalent to random search in the remarriage market. To be sure, some 
of the offers after marriage may not be randomly chosen and may 
depend on the effort devoted to finding them. Since an increase in the 
cost of search rai.ses the cost of this effort as well, an increase in the cost 
need not be positively related to the number of attractive offers. Presum¬ 
ably, however, the “spontaneous” or “random" .search that docs raise 
the number of attractive offers for persons with high search costs is an 
important part of the total search of married ]3ersons, since their marital 
status often severely limits the effort they can devote to seareh. 

We conclude that even when the distribution of offers and hence the 
minimum acceptable offers are the same in both the remarriage and the 
first-marriage markets, couples with less maiital-spet ilii l apital, higher 
search costs, and otherwise lower e.\|)eeied gains from mairiage and 
larger variances in outcomes ili.s.solve their first marriages more icadil)'. 
Clonscqtiently, our earlier analysis that neglet led remairiage is still 
applicable when the remarriage maiket is not more ain.ieiive than the 
first marriage tnarket.'^ 

Since, divorced persons tend to have lower exiiceted gams anil higlier 
variances in outcotue frotii marriage than persons remaining married, 
the average person marrying a seeoiul time would lend to hase a lower 
e.xpected .gain and higher vaiianee than the average person marrying a 
first time.'* Therefore, the tli.s.sohilion rale on second marri.iges of 
persons divorced the first time shonltl tend to e.sreed the rale on fiisl 
inairiagcs.'More generally, the dissolution rate ami the older of a 
marriage should be positively related. 

Specific capital can also explain why second or later marriages ate more 
likely to dissolve than lirst marria.ges, even vsheu duration ol' current 
marriage, age at current marriage, ami other ehaiaeterislies are held 
constant. Chikiren (and perhaps other specific ca|)ilal) Ifom previous 
marriages could reduce the stability of (he current marriage heeatrse they 
are a source of fiiction; that is, positive speeifie lapifal in one marriage 
could be “negative'’ specific capital in a sul)se()uom marriage. ^More¬ 
over, persons who dissolved their first maiiiage may hav'c aniieipated 

Moreover, several argrunerrts suggest lhal oppoi lunities in th< 11 man i.ige maikr-l 
are lesf favorabli- than 0 |jportuniUrs availatrte before ibr- fiisl iij.image fsee Her ker cl .il 

197ti). 

‘ " This dilTriciice in the average expeeted gain on firsl and ser oiiil iriai i iages is lediii i tl 
but not eliminated by die positive relalion betisi-en tlle proJiaiiitUy oi remamagi .tnd 
the expected gain from remarriage, 

* On the olhei hand, ihcie is liille leasoii to exper t peisuns wlio were widowed ifle 
first lime Irr have a relatively high divsoluUon rate on then .srtond mani.igr, for con¬ 
firmation, see the empirical evidence in Section IL.'i. 

fn the same way, positive sjjerific capital in otie firm could lawn the pioduclisity 
of a worker moving 10 another firm because he has become “accusionied'’ to ilie fnsi 
firm’s methtals and urganir.atioii and lias lost some ol his “th xibilily." 
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dissolution and invested more in general ways that would be useful when 
divorced. These investments in turn reduce the stability of subsequent 
marriages by increasing the attractiveness of divorcing again. One 
implication, therefore, is that termination of a first marriage per se 
increases the probability of dissolving future marriages because of the 
destabilizing effects of specific and general capital from the first 
marriage. 


C. Summary oj Theoretical Analysis 

A li.st of the major implications derived from the theoretical analysis 
provides a useful summary for the empirical analysis in Section II. 

1. An increase in the expected value of variables positively sorted in 
the optimal sorting of mates, such as the earnings of men and the attrac¬ 
tiveness of wotnen, lowers the probability of dis.solution and raises the 
jitobaljility of remarriage if dissolved. The reason is that the expected 
gain frfim marriage will increase. On the other hand, an increase in the 
expected value of variables negatively sorted in the optimal sorting of 
males, sut h as the earnings of women relative to those of men, raises the 
probability of dissolution anti lowers the probability of remarriage given 
tlis.solulion. 

2. .\ huger deviation between actual anti expected values, such as 
actual and expected earnings or fecundity, raises the probability of dis¬ 
solution. The reason is that the gain from becoming divorced or from 
marrying sotneone else increases by more tlian the gain from remaining 
m.irtietl to the .same spouse. 

3 An increase in education has an ambiguous effect on the prob¬ 
abilities of tlissolution and remarriage. Tbe reason is that education 
rcdtit cs the tlivision of labor between mates (thus lowering the gain from 
m.irriagt!) while increasiti.g the gain frotn any given division of labor. 

4. An increase in age at marriage tends to reduce the probability of 
dissolution, especially at relatively young ages. The reason is that persons 
marrying relatively young have greater search costs and are less informed 
about themselves, their mates, and the marriage market. However, the 
probability of dissolution may be.gin to rise with age at marriage at 
relatively older ages. 

,"). .An increase in marital-specific, capital, exemplified by young 
children, reduces the probability of dissolution. The reason is that such 
capital wovdd be worth less in any other marriage or when divorced. 

^ * In ihf same way, separation from one job per se increases the turnover on all sub¬ 
sequent jobs, which can contribute to the explanation ot differences in turnover rates 
between so-called movers and stayers. Instead of taking the differences in behavior 
between slayers and movers as given, our analysis probes into the underlying causes, such 
as differences in search costs, specific capital, properties of optimal sortings, and even luck. 
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Conversely, an increase in the probability of dissolution reduces the 
demand for marital-specific capital. Children and perhaps other specific 
capital may also lower the probability of remarriage and raise the dis¬ 
solution rate on remarriages because they hinder the search for another 
mate and reduce the gain from remarriage. 

6. A larger discrepancy between the traits of mates and what they 
would be in the optimal sorting—for example, discrepancies between 
intelligence, social background, religion or race—raises the probability 
of dissolution and lowers the probability of remarriage if divorced. The 
reason is that the gain from marriage is reduced. More generally, an 
increase in the cost of finding a suitable mate increases the probability of 
dissolution. 

7. The probability of dissolution lends to decline as the duration of a 
marriage increases. The reason is that marital-specific capital, such as 
children, sexual compatibility, and knowledge of one’s mate, increases 
with duration. The observed probability of dissolution would decline with 
duration in a given cohort of marriages not only for this reason, but also 
because couples with higher probabilities of di.ssolution dissolve their 
marriages relatively early; therefore, the average probability of those 
remaining married would decline even if each couple’s probability were 
invariant with duration. 

8. The speed and probability of remarriage depend directly on the 
expected gain from remarriage; therefore, they depend directly on 
variables like male earnings and inversely on variables like female 
earnings and the stock of capital specific to prior marriages (such as 
children from those marriages). Since marriages tend to last longer when 
the expected gain is greater, they also depend directly on the proxy 
variable, duration of prior marriages. 

9. The probability of dissolution is higher in second than in first 
marriage, is still higher in third marriage, and .so forth. The reason is that 
persons dissolving their marriages are not selected at random but are 
selected by characteristics that increase their probability of dissolution, 
such as lower gains from marriage. Moreover, even if dissolutions of first 
marriages were randomly selected, the dissolution rate on subsequent 
marriages would be greater because children and perhaps other specific 
capital from first marriage lower the gain from subsequent marriages. 


II. Empirical Analysis 

Fortunately, many of the theoretical implications listed above can be 
explored empirically using several bodies of data which give the incidence 
of divorce and remarriage by duration of marriage, number of children, 
education, earnings, age at marriage, number of marriages, and other 
variables. Indeed, since data on the stability of marriages are more 
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extensive than are data on job or residential stability, marital behavior 
ofTers a fertile area for testing a theory about the stability of contractual 
relations. 

We have analyzed in detail two data sets: primarily, a nationwide 
.survey of approximately .30,000 households conducted by the U.S. Bureau 
of the Census in 1967 (the Survey of Economic Opportunity [SEO] data), 
and also a survey of approximately 1,.300 persons with IQs over 1.35 who 
were hrsi surveyed in 1921 by psychologist Lewis Teriiian and who were 
resurveyed over the siil>se(|uent 50 years (the i'erman Surveys I hese 
two data .sets, as well as findings from many other studies, enable us In 
investigate extensively the implications derived in Section I. 

In Sei tion 11 we first present findings on first-marriage divorce rates 
lor men and women separately and then present some evidence on the 
relationship between search costs, marital-speeific ea])ital, and the. 
probability of dis orre. Mext we consider the liheidiood of remarriage and 
serond-marriage divorce. We eonchide with a briel cliseii.s.sion of secular 
changes m disoiee rales. 

I. Stuhilily of I'lyst Mtininfir 

file .Sf,() survey (oul.iins a large amount of inliii niation on the marital 
iiistoiies of the men and women suiseyed: the numlier of times married, 
the d.iles of lirsi and eurreiit marriages, the dale and type of termination 
of fust and cuireni nuuriage, ,md, by inferenee, the age at marriage. 
for the w hite men .iiid white women aged 35 .5.5 at the lime of the survey 
we eonsiiueled eight separate d.ita liles (lenaining to the stability of each 
peison's lust marriage, in .5-year ni.irriage duration intervals beginning 
with the d.ilr' of III. image .11 id running through the twentieth anniversary 
ol the ni.nriage.' file fieijiieney ofdivoiee and .samj)le size of each of 
these tiles is indii ated in t.ible 1 

Let be the piobability of disoite in the ith ,5-year interval 
ol luamage (1 = I, . -1), londilional upon being married at the 
begimutig of ih.il inters .if fheii the logistic fiinelion 

/', = I/I+e (I) 

w,is estinialeil by inaxuuuin likelihood separately lor 1 = 1 , . . . f where 

fttX ^ ll„ + It,,(AM) + ll2.(AM)^ + li„(S) + /i„(.l, 

+ -f ^ (2) 

wlieie AM is age at lirst marriage .S' is yeais ol schooling completed by 
191)7, A is age in 1967, and E is annual earnings in 1966. I'able 2 reports 

(ilivk an<l Xoitou p 30B) discuss the strcugihs and weaknesses of the SFX) 

data for (he study of marital liehavior. 

l*ersons V5ho.se marnagi' ended by death of a spouse were excluded; persons for 
whom a specific ^j-year mlerval was mteirupud by the IW? survey were excluded from 
that inteival. Beckei rt al, (I^7(»; diseiiss why prisons undei ajfc 3.'i were excluded and 
lepoil empirical lesuUs for petsoas aged '15 54. 
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TABLE 1 


FRK^iUENCY OF DlVORCE AND SaMPLE SiZE IN SEO SURVEY 



White Men 

White Women 

% Divoiced 

Sample 

Size 

Divorced 

Sample 

Size 

I’irsf 5 years of itiarriage . , 

3..'i 

4,413 

4.1 

5,509 

Second 5 years of marriage 

2.3 

4,045 

3.9 

5,184 

Third 5 years of marriage . 

2 1 

3,337 

3.6 

4,.588 

Fourth 5 years of marriage 

1.7 

2,156 

2.4 

3,235 


TABLE 2 



ErrECTs or A<.‘e at 

Markiaoc, ScirooLiNo Level, A<{e, 

AND P'aRNINGS 


ON THE Probability ok Divorce, by Makhiaol Duration Interval 


{SEO While Men, Aged 35-55 in 19G7) 




Marriage Duration Interval (in years) 


0-5 

5-10 

10-1.5 

1.5-20 

AM . 

-1..501 

- .694 

-.590 

-.334 


(-4.59) 

(-2,0(1) ( 

-1.20) 

(-.33) 

(AM)^ . 

.027 

.013 

.009 

.005 


(4.38) 

(1.98) 

(.86) 

(.22) 

5. 

- .070 

.151 

-.101 

.229 


(-.77) 

(1.92) ( 

-1,21) 

(2.36) 

A . 

-.121 

-.031 

.082 

-.034 


(-2.47) 

(-.70) 

(1.63) 

(-.4,5) 

E . 

- .334 

-.181 

-.177 

-.310 


(-3 19) 

(-1.30) ( 

-1.92) ( 

-3.01) 

. 

.004 

-.000 

.002 

.003 


(2.74) 

(-.04) 

(2.32) 

(1.44) 

Constant. 

. . 17.904 

1.771 

- .829 

-.769 

p . 

.0351 

.0227 

.0210 

.0172 

Likc’hhood ratio test . 

46.41 

12.10 

20.92 

13,20 

N . 

... 4,413 

4,045 3,337 2,156 


Noth, -’1 ho l(»Kisin. rufictioti Pt * wrts esiiHMietl by maxiuwim likrlihooil nietlimis, 

and ijie corflk irptjrlfd abnvr arc pi{Pi ){I — Pt) where Pt is imlu.ilnl aliove for each of Ihr itli mlrr- 
vaK. A'*yinploiic /-v.ihics for t*.irh ft aic ■iliown in parrulhc'cs 


tlir estimated partial derivatives of Pj with respect to each variable, 
evaluated at the mean P,. The same relationships were also estimated by 
the (iLS regression 

I), = p,X + e„ (3) 

where D, is 1 if tlie marriage dissolved in that interval ami 0 if the marriage 
was intact at the end of the interval. The dilfcrences in the two sets of 
estimates were slight. 

Age at marriage (AM) has a strong negative effect on the probability 
of divorce at early ages at marriage and a positive effect at ages ol 
marriage beginning near 30;^“* the impact of AM is quite strong in the 
early years of marriage and attenuates in magnitude and significance at 

The age at marriage with the minimum probability of divorce implied by the sets 
of coefficients arc 28,9, 26.7, 32.8, and 33.4. 
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higher durations. A strong negative effect of age at marriage on divorce 
rates is one of the most widely observed correlates in the divorce litera¬ 
ture ; ^ ® an upturn beyond age 30 is also evidenced in census data but is 
not frequently recognized in the demographic literature.^* This U-shaped 
effect of age at marriage on divorce is consistent with our theory (see 
implication 4 in Section 1.6). 

The effect of education on divorce is not stable in sign and generally 
not statistically significant. Although the simple correlations between 
divorce rates and education are negative, as found also in census and 
other data, the results in table 2^^ suggest that the effects of age at 
marriage and earnings explain the negative simple correlation between 
men’s education and men’s divorce rates, since these latter variables are 
positively correlated with education. The weak and ambiguous effect of 
education is not inconsistent with the theoretical analysis, for an increase 
in education has offsetting effects on the probability of dissolution (see 
implication 3 in Section 1.6). 

Earnings are consistently negatively related to the probability of 
divorce up to an earnings level of at least $40,000, and become positively 
related at high levels except in the second interval. Our theoretical analysis 
implies that a permanent increase in earnings lowers the probability of 
divorce,^* and a greater deviation between actual and expected earnings 
increases the probability (see implications 1 and 2 in Section 1.6). Since 
men with greater deviations in earnings arc concentrated at both tails 
of the di.stribution of actual earnings, dissolutions would be especially 
high at the lower tail both because expected earnings are low and the 
deviations are large; they would then decline as actual earnings rose, but 
could begin to rise at the upper tail because the positive effect of large 
deviations could begin to outweigh the negative effect of high expected 
earnings. Therefore, our theoretical analysis can readily explain the 
initially strong negative and eventually positive relation between actual 
earnings and the probability of divorce. 

To test this interpretation, we have rcestimaled the OLS regressions, 
replacing the variables E and by variables measuring expected 
earnings (f?) and the absolute value of unexpected earnings (|£ — 

c.g., Caller and (»fick 1970, csp. pp. 234-35; Bumpass and Sweet 1972; or 
U.S. Bureau of the Census 1972a. Ross and SawhilPs (1975) linear coefficient implies 
that a 5-year delay in age al marriage, ceieris paribus, reduces the probability of divorce 
over a 4-year period by two percentage points (the average probability in the sample 
is 7.6 percent). 

*** The upturn at older ages is in evidence for all marriage cohorts since 1920 (see 
U.S. Bureau of the Census 1973, table 4). 

In an often cited study of 1960 census data, Cutright (1971, p. 293) also concludes 
that education of husband has no appreciable effect on the stability of Rrst marriages 
when their earnings arc held constant. 

It should also encourage earlier marriages, and this implication is strongly confirmed 
with the SEO survey (see Kcclcy 1974). 

For the white men in the SEO survey, the log of earnings was regressed on three 
sets of variables: (1) years of schooling, 5, experience (defined as age — 5* “ 6), A”, 
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Expected earnings have negative, generally statistically significant, 
efifects on dissolutions in each interval, and unexpected earnings have 
positive, but small and insignificant efifects; both effects are in the pre¬ 
dicted directions. A further analysis separates unexpected earnings into 
positive and negative deviations. Unexpectedly high as well as unexpec¬ 
tedly low earnings had positive effects on the probability of divorce in 
every duration interval, which adds additional support to our inter¬ 
pretation. 

More direct evidence on the effect of unexpected events on the 
probability of divorce is available from other studies, and it supports our 
interpretation of the findings with respect to earnings. A spell of un¬ 
employment often indicates longer-run difficulties in the labor market 
that were not anticipated at the time of marriage. Our analysis then 
implies that persons experiencing extended unemployment would tend 
to have relatively high probabilities of divorce. Ross and Sawhill (1975, 
p. 56) find that men who experienced serious unemployment in the prior 
3 years had a significantly higher probability of divorce over the sub¬ 
sequent 5 years. Similarly, an unexpected opportunity for remunerative 
employment in another community for only one spouse in families where 
both are employed would encourage divorce since the otlicr spouse could 
be harmed by a move; hence migration would encourage divorce, and 
vice versa (see the analysis and evidence in Mincer 1977), 

Fertility impairment is not easily identified prior to marriage, hence 
couples who experience sterility, spontaneous abortions, or stillbirths 
should be more likely to divorce. There is some evidence that women 
with relatively many fetal losses or child deaths are more likely to have 
married more than once. Exce.ssive fecundity is also difficult to predict; 
some evidence in the next section suggests that couples who have children 
too easily also have higher probabilities of divorce. 

Individuals whose health changed significantly from what it was prior 
to marriage .should also be more likely to divorce, since health changes 
are usually difficult to anticipate. According to evidence from the 


experienced squared, ; (2) 5, A, and marital status; and (3) 6', A, A*, and weeks 
worked. (Becker et al. [1976] discuss the rationale for these three equations.) Earnings 
expected when marrying for the first time, is assumed to be equal to the earnings 
predicted from the equation above with age set equal to 4.3 (with no adjustment for 
secular growth in earnings across cohorts—sec Section 11.6). “Unexpected earnings” 
simply equals the absolute value of the difference between actual and predicted earnings 
at the current age. Our estimates of expected and unexpected earnings are admittedly 
crude, and the magnitudes of the resulting coefficients are sensitive to the use of auxiliary 
regression 1, 2, or 3. Becker et al. (1976) report the results of these regressions. 

In one recent nationwide data set, 88 percent of currently married women with no 
child deaths were married only once, compared to less than 80 percent of those with one 
or more deaths. Similarly, 88 percent oiever-marrted women with no fetal loss were married 
only once, compared to 82 percent with one or more losses. Standardizing for the age of 
women docs not affect this basic picture. These calculations, based on the 1970 National 
Fertility Survey, were kindly supplied by Anne D, Williams. 
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NBER-Thorndike-Hagen sample, men who report their health as either 
better or worse than as young men are more likely to be divorced than 
arc men who report their health has remained about the same.^* These 
results cannot be explained solely by a negative effect of marital instability 
on health because they hold also (although less strongly) for persons 
whose health has improved. 

Although the estimated logistic functions in table 2 have low statistical 
significance, many of the estimated coefficients are significant even at the 
-99 level of confidence. Instead of relying exclusively on significance tests, 
we have tried to determine in another way whether the independent 
variables can discriminate among persons who divorce early, later, or 
never. Three separate probabilities of divorce arc predicted using the 
coellicients for each interval and the values of the independent variables 
for men (I) divorcing in that interval, (2) divorcing in a later interval, 
and (3) still maritally stable (by 1967). 

These predictions arc shown in table 3. As expected, they are lowest 
for men still first married and highest for men who divorced in that 
interval. The percentage differences are reasonably large, even between 
the two groups who were not divorced in the interval for which the 
regression was estimated. Therefore, the independent variables in these 
regressions can discriminate between the maritally more stable and less 
stable. 

riie proportion of itiarriagcs ending by dissolution declines with dura¬ 
tion of marriage as shown above and as implied in Section I (sec impli¬ 
cations and 7, Section 1.0), and most explanatory variables in table 2 
have their strongest clfeet in the first interval. In separate tests, the 
cumulative impact on divtirce over the first 20 years of marriage of age 
.It marriage and earnings (but not age and .schooling) are considerably 
larger wlien estimated from separate duration-specific equations than 
when estimated while constrained to be independent of duration (sec 
Hccker et al. 1976). Moreover, the decline in the probability of divorce 
with duration is apparently not aecounted for by changes in our explan¬ 
atory variables with duration (note the pattern of the intercepts). 

IlWirn. tiomparable logistic (ami linear regression) models were 
estimated for each 5-year marriage duration interval for white women. 
The logistic function was 

/', = l/l+e-<i‘>' + o) (4) 

According 10 data supplictl l>y Michael (jrossinaii from NBKR-TH survey, 1.9 
percent of the men whose eurient health equalled their health when in high school were 
divuiced, 2.0 percent of those men whose health deteriorated were divorced, and 2.2 
percent of tho.se men whose health improved were divorced (for a discussion of these 
data, see Grossman I97G). 

.Selective aitriiion as a cohort moves through time may bias the estimated effects 
from interval to interval. 
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y,r = flof + + "s/W + a^i{A) 

+ a^i{PM) + as,(C,j) + a-,j(C2i) (5) 

+ 

where PM is a dummy defined as 1 if the first birth occurred less than 
7 months after the date of marriage, and C,,- and Cj,- are the number of 
children under age 6 and between 6 and 17 at the beginning of 
interval 

Unlike the function estimated for men, the equations for women do not 
include earnings (since many of these married women did not work in 
1967), but they do include the number of children at the beginning of 
each interval and a premarital pregnancy variable. Therefore, the 
regressions for women do contain variables (the children variables) that 
explicitly measure behavior subsequent to marriage. Consequently, the 
coefficients in the women’s regressions, unlike those in the men’s regres¬ 
sions, measure the effect of a variable like age at marriage net of its effect 
on the number and ages of children. 

Talile 4 reports the estimated partial derivatives of equation (4) 
evaluated at tlie mean P, for the four 5-year duration intervals for 
women. 'I'he effects of AM, S, and A arc generally similar to the effects 
estimated for men in table 2, except age at marriage retains statistical 
significance at higher durations, and the effect of age, although con¬ 
sistently negative, does not have statistical significance even in the first 
interval. 

A premarital conception has a large effect on the probability of divorce 
in all four intervals, although it is statistically significant only in the 
second interval. VVe argued tliat an accidental premarital conception 
increases the probability of dissolution because it raises the cost of finding 
a suitable mate (see Section 1.3 and implication 6 in Section 1.6).^* 

Till’ SIX) survc’y contains Informaiion of the birthdates ol up to four children (the 
first two and the last two) born to each woman. For women with more than four children, 
hiiili dales for the middle children were interpolated at equal intervals between the 
second and penultimate child. For the first marnage interval, Cj | was defined as of the 
fifieenih month of the interval instead of at the beginning of the interval. Furthermore, 
the analysis was restricted to women whose* first child was not more than 1 year old 
at the dale ol first marnage, hence Cj % wa.s omitted from the first interval. 

Again the OFS I'stimates are very similar and are not discussed separately. 

The AAl which minimizes the probability of divorce lies between age 25 and 30 
except in the second interval when the logit estimate is an anomalous age 6G, compared 
to an OLS estimate of age 32. 

Fhe probability would also he increased if the children conceived prior to marriage 
were fathered by someone other than the current husband. This explanation is pursued 
in .Section 11.5 in the analysis of divorces from second and later marriages. Our results on 
the effect of premarital pregnancy are consistent with many other studies. For example, 
Grabill (1976, table 9) shows with 1970 census data that the instability of marriages is 
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Effect* of Aoe at Maksuoe, Schooung Level, Age, and Fertility on the 
Probability of Divorce, by Marriage Duration Interval 
(SEO White Women, Aged 35-55 in 1967) 



Marriage Duration Interval (in years) 

0-5 

5-10 

10-15 

15-20 

AM . 

-1.691 

-.791 

-1.634 

-1.331 


(-5.65) 

(-1.61) 

(-3.80) 

(-2.22) 

(4M)'. 

.028 

.006 

.030 

.023 

(4.49) 

(.51) 

(3.06) 

(1.60) 

S . 

-.100 

.027 

.065 

-.062 


(-1.00) 

(.26) 

(.62) 

(-.62) 

A . 

- .049 

-.060 

-.018 

-.008 


(-1.07) 

(-1.27) 

(-.37) 

(-.14) 

P . 

1.141 

2.713 

.745 

.664 


(1.02) 

(2.87) 

(.72) 

(.67) 

c,. 

-1.130 

-2.403 

-2.826 

-2.086 


(-1.89) 

(-4.02) 

(-4.99) 

(-3.34) 

Cj. 



- 1.435 

-1.131 




(-2.81) 

(-2.76) 

(C, + Cj)". 


.405 

.366 

.169 


(2.43) 

(4.26) 

(2.66) 

Constant. 

13.403 

5.440 

11.093 

10.882 

p . 

.0412 

.0392 

.0355 

.0235 

Likelihood ratio test . 

69.80 

70.72 

50.79 

38.09 

A . 

.... 5,509 

5,184 

4,588 

3,235 


Note, —The logistic function Pi = 1/(1^ e” was Mtablished by maximum likelihood methocU 

and ihe cocfficienrs reported above are — *t), where js indicaied above for each of the Jih inter- 

vbIs. Asymptotic (FYalues for each 0 afe shown in parentheses. 


The number of children under age 6 has a large and statistically 
significant effect on the probability of divorce. A child by the fifteenth 
month of a marriage lowers the probability of divorce within the first 
5 years of marriage by one percentage point, or by about 25 percent of 
the mean (holding constant the premarital pregnancy variable). The 
effect of young children on the probability of divorce in the second and 
third intervals is nonlinear: for example, in the second interval, the first 
child under age 6 at the fifth year of the marriage lowers the probability 
of divorce in the next 5 years by about 2.0 percentage points; a second 
child lowers it by 1.2 percentage points; third and fourth children have 
small marginal effects, —0.04 percent and +0.4 percent, respectively; 
while a fifth child appears to raise the probability by 1.2 percentage 
points! The positive effect of a relatively large number of children appears 
to support our theoretical prediction that a greater deviation between 


considerably higher among women with a prr.marilaUy conceived first child: e.g., among 
women first married in 1965-69, the percentage married with husband present in 1970 
was 85.5 percent for women without a prcmaritally conceived first child, 81.6 percent 
for women whose first birth was within 6 months of marriage, and 70.9 percent for women 
whose birth occurred before first marriage. 
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actual and expected values of a characteristic (including control over 
conception) raises the probability of dissolution (see implication 2 in 
Section I.6j. 

An older child (age 6-17j has a much weaker effect on the prob¬ 
abilities of dissolution than does a young child. Our theory implies that 
children reduce the probability of dissolution because they represent 
marital-specific capital (see implication 5 in Section 1.6); the weaker 
effect of older children also is consistent with this implication provided 
younger children embody more marital-specific capital.*^ 

There has been surprisingly little quantitative evidence on the effect 
of children on divorce rates, although the relation between children and 
divorce has long been recognized.** With detailetl evidence we find large 
effects ol children, although these effects arc not linear with respect to 
either number or age:*'* younger children discourage divorce more than 
older rhildren do and the first two children discourage divtirce more than 
additional children do. 


2. Sfar(/i and the 1‘tobahility of Diiorce 

I'ividcncc from several studies indicates that discrepancies in the traits 
of niate.s (relative to that implied by the “tiptimar' sorting) increase the 
probability of dissolution. For example, considerable sociological literature 
has, (iir decades, emphasized that religious tlillerences encourage dis¬ 
solution; Landis (1949) and Bell (1938) limtul that the probability of 
dissohitioii was about 10 percentage ])oint.s higher for a person who 
m.itried outside his or her religion. Dilferenccs in eilucation and in age 
also apjicar to iiicieasc the probability of dissolution (see Levinger 1965, 
1 -. 21 ). 

I'hc SIX) survry is no( uscl'nl in studying the cflecls of discrepancies 
because no inrornialion was eoI](‘eled on the traits of former spouses. The 
J eiinan siiivey**^ does provide such information, and Michael (1976) has 

't’licif IS rvidfiicc ihnl pairnts spend more tiinr voih yuiingrr rhildmi lhan with 
(ildfi (IuIiIk'm (sfi- I.ribosMt/ 1074; Cirnnau \Valk<T and Wootls P)7r); and for an 

inlfinational coinj)anson, Stunr l'472b suggi'sting that the care of younger children is 
inoM- maiTt.d specitit In OLS r^grt■^^lo^s the interval between the twenlicth and 
tv\'t'iuy-filih yeais aliei luaiiiage an achiilional vaiiablo, nurnbei of cbikhen ovei age 17, 
svas iiKludfcl .ind bad an insignifuani /wv/Zirr roeffirK'iit, and the rOect was largest wlieri 
r.'i and C 2 were 7eio (i <•., when theie weir no younger children remaining m the family) 
rins lesult pedia[)s suggests that paienls sometimes postpone dissolution until their 
children an* older. 

Sec Monahan (lOffS, pp. 446-56); Jacobsen (1959); lavinger (1%5, p. 24); 
Carter and Click (1970, p, 36); and Plateris (19736), 

Ross and Sawhill (1975) use less detailed and linear measures of the effects of 
children, j>erhaps this explains why they ajjparently “do not find . . . the presence ol 
children has any significant effect on [maritalj stability” (p. 57). 

The subjects were nonrandonily selected from California elementary schools m 1921 
and had an IQ,exceeding 135; thus they are in the top 1 percent ofthe IQdistribulion. 
(For more intensive discussions of the sample, sec Terman [1925-59], or Michael [1976].) 
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related the probability of divorce to the subject’s age, education, and 
religion, and to the spouse’s education and religion. Five separate dummy 
variables, one for each religion (including no religion), measure whether 
or not the Tennan subject and spouse had the same religion. Results for 
women indicate that all five religion variables have large and statistically 
significant coeflicients for divorces obtained early in marriage. The prob¬ 
ability of divorce within the first 4 years of marriage is more than 20 
percentage points lower when both have the same religion than when 
they differ. With the exception of Jewish marriages, the effects are about 
as large, although not as statistically significant, for the probability of 
divorce in the first 24 years of marriage. 

In Section 1.3 we showed that the traits of mates differ more from what 
they would be in tlie "optimal” sorting wheti marital search costs are 
larger, and that the probability of dissolution is greater when search 
costs arc larger or when the discrepancy between the actual and 
“optimal” traits is greater (.see implication 6, Section 1.6). The findings 
just cited arc all con.sistcnt with this implication but not with the view 
that persons inaiiying out of their religion are simply less committed to 
their religion, for why tlicn would their dissolution rates be unusually 
high?''' 

Further evidence comes from second and later marriages. If the 
propensity to imermarry is partly the re.sult of higher search costs, and 
if these higher cftsts persist into the remarriage market, divorced persons 
who intermarried in the first marriage should tend to intermarry in 
subsequent marriages and should have relatively high dissolution rates 
in their later marriages. The religion-intermarriage rates of Terman 
subjects in their first three marriages are presented in table .1. More than 
one-half of the Terman women and one-third of the Terman men who 
remarried after dissolving a first marriage with someone from a different 
religion, again married outside of their own religion. This is not only 
much higher than the fraction of religion-intermarriages in all first 

Additional evidence also suggests that persons who inirninaiTy tend to havr- higher' 
search costs and do nol simply have rlillereiit taste.s or less luck in their search. A study 
of Jews in Iiithana showed that the fraction intermarrying has been much grcatei in 
communities with leiativeiy few Jews twherc the cost of finding a satisfactory Jewish mate 
is greater) than in eominunitres with lelalively many Jews (Rosenthal 1970, t.rble 2). 
There is also evidence that persons who marry lelatively young are mtrre likely to inter¬ 
marry than prisons who marry at average ages (Rurcluiial arid Chancellor 10tj2; and 
Rosenthal 19G3). The high clissohilion and intermarriage rates of young marrieds are 
related: both reflect limited information. There is some evidence that premarital preg- 
nane.ies are also more common when spouses difler m religion (see Chiistensen and 
Barber 19G7), which suggests that persons marry out of their religion partly because of a 
premarital pregnancy. Thi-s rvideiic'e on lotrrjiiairiage supports our interpretation of the 
relation between dissolution and age at marriage. Fuither support is provided by the 
relatively high rates of intermarriage of per.sons marrying (for the first lime) over age 30, 
for we have argued that they also have relatively high dissolution rates because tht'y gain 
less from marriage (see Burchinal and Chancellor 1962). 
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marriages but is also considerably higher than the fraction of persons 
who intermarried after dissolving a marriage with someone from the 
same religion. The presumption is that for this latter group search costs 
are not as high with respect to intermarriage as are the costs of divorced 
persons who intermarried the first time but are higher than those of all 
persons who married the first time. Divorced persons who did not inter¬ 
marry the first time did have a higher rate of intermarriage the second 
time than did all persons marrying for the first time.^^ 

We have argued that intermarriage is higher among Jews living in 
communities with relatively few Jews partly because they have higher 
costs of finding suitable Jewish mates. Put differently, being Jewish in 
these communities is a rare trait that raises the cost of search and, as a 
result, raises the discordance in traits between mates and the dissolution 
rate (see Section 1.3). The Terman sample was selected on the basis of a 
rare trait, a high IQ; far less than 1 percent of the population has an 
IQexcecding the average of this sample (148). The expectation from our 
theory is, therefore, that Terman subjects would both marry out of their 
IQ_ class (they would “intermarry” with respect to IQ,) and divorce at 
relatively high rates, unless they were much more efficient searchers in 
the marriage market. 

Although information on the IQs of the Terman subjects’ spouses is 
limited, available evidence is consistent with our expectation.'*’ It is not 
surprising that Terman subjects have had high divorce rates: 27 percent 
of Terman women had been divorced from their first husband by 1972. 
(There is a question, however, of whether that figure is relatively high 
compared to the appropriate control group; see Michael [1976].) 

Since the wage rates of mates arc negatively correlated in the “optimal” 
sorting (see Becker 1974), and since women typically earn less than men, 
a discrepancy between mates in this trait would generally take the form 
of an increase in the relative wage rate of the wife. Our theory implies 
that the dissolution rate would be higher when her relative wage rate is 
higher,“*'* an implication supported by considerable evidence.*’ 

There is evidence that previously divorced Jews intermarry more frequently than 
Jews marrying for the first time (Rosenthal 1970). Moreover, the same study suggests 
that the relatively high intermarriage rale on remarriages of divorced persons is not a 
necessary consequence of remarriage, for Jewish widows do not have a high intermarriage 
rate on their remarriages; indeed, it is even lower than that of persons marrying for the 
first time! 

The average score on a “concept mastery” test of spouses was about one standard 
deviation lower than the average score for Terman subjects, even when schooling level 
was held constant (see Terman 1959, pp, 57-60). 

Even in the optimal sorting, the expected gain from marriage would be lower, and 
hence the probability of dissolution greater, when the wage rate of the wife relative to 
that of her husband was greater (see Section 1.2). 

E.g., see Ross and Sawhill 1975, p. 56. The evidence on Terman subjects* divorces 
over a 20-year period is also relevant; the schooling coefficient of Terman women is 
significantly positive and that of their husbands significantly negative, and schooling 
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Interesting additional evidence comes from the effects of welfare pay¬ 
ments on dissolutions. Welfare conditioned on the household’s income is 
the poor woman’s alimony and, like a higher wage rate for women, 
reduces the gain from marriage by increasing the expected income while 
unmarried. Consequently welfare would reduce the gain from remaining 
married, and, indeed, Honig (1974) finds that the fractitm t)f both white 
and black households headed by females in different SM.S.\s is strongly 
related to die size of welfare payments.'** More generally, any system of 
transfers in which payments depend mainly on a household’s total 
income be it welfare, negative income ta.x,*^ 01 aid to families with 
dependent childien - encourages dissolutions because it compensates for 
the reduction in resources available to the spouses as a consccpience of 
tlissohition. 


.'5. Ffilitily (tmi Ihc Probability oj Divorce 

In tal)le I we leported a strong lelaiion between the piobability oi’ 
divoixe ;uid tlie number ansi ages of children, anti we iiresnmcd that the 
causation ran from sliildreti to maiital stability. However, an exogenous 
increase in the piobability of tlivoree would rt'ducc the demand for chiltl- 
icn and for other m;uital-specific capital as well (see Section 1.4 and 
implication ,'i in 1,(»). .So a ncg.tlive correhttion between number of 
c hihlren tind tlie itroltability of dissoltition might rellect, insteatl, causation 
from a higher probability to fewer children. A simultaneous etpialions 
model could be constructed to try to identify the ctttis.ilion between 
children .ind dissohilion, but we decided against this strategy. Instead, 
we have attempted to study ctiusation liom the probability of dissolution 
to the demand for children by consirui ling a situation that largely 
excludes the reveise ( ausalion. 

(:ou[)les with higher probabilities of tlissoliilion tend to have less 
invested in mariltd-specific capital not only in the early years of marriage 
when dissolutions are more fretpieril, but in later years as well both 
because dissolution rates dilfer then also, ;iml because couples would not 
fully conipensale later for reihieed investment earlier, liuilding on this 
.iigumeul, we lelate the number of children of int.'ut t ouples to several 


ari(J vv.ijfc i.iU's (iiol im huU d tii du* |M)siii\cly (.oirclatcd (sec Mithacl 

I'ui ilicr (A idciM f f t)nn s {join ihi* anitlysi\ of .iggrj'g.iic I'lndfii (11)74} {inds 

(ii4il I lie f1.111 ton o( otix-o iii.ii i K'd lu dilfi iciil gvogisiphic units in gcru'i ally lown , (‘vcmi 
with .igc ami siwii.d ollin vanahlrs held tnostaot, vvhi'ii ihi ii wage rairs .irr liightT 
ii'laUM' to those ol men, S.mtos’s fiiuhiigb {H)75) are similar. 

By tniiliasi, Sawhill el al (l‘)7ri) londude hoin ihnr study W’illi the Mifhigan 
l\iuel O.ita th.u “there is tio ev id<*iire . . . tliat higlx'i welfaie benefits inciease separation 
r.ites among low-mtome lannhcV* (p. 97), but ADFCi letipiency (not level of payments) 
“mliibits the marriage aiuf remarriage rates of W'omen who head families” (p. 98). 

See Haiuian, Tuina, and (»roeni*vrld 1976 
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determinants of their probability of dissolution and to (other) deter¬ 
minants of their demand for children. We have restricted our analysis to 
couples in which the wife is over age 40 in order to measure essentially 
completed fertility. 

From the SEO sample^ the number of ciiildren ever born to white 
women age 40 55 with lirst marriage intact was regressed on a set of 
independent variables which includes several generally used in fertility 
equations and tlircc variables intended to reflect the probabdity of 
divorce—discrepancies between spouses in lace, etlucaiion level, and age. 
Race is defined as a dtnniny variable equal to /cro if llte spouses are not 
of the same race and one if they are. Fhe education and tlie age variables 
are. defined as the cross-f)iodurt of tlic education levels and of the ages 
of llte spouses respectively; the discrepancy is greater tin* smaller these 
cioss-[iroducfs.‘'^® 7'he race and cross-prodtu t variables arc expected to 
ha\’(* positive cocdicicnts on fertility because smaller discrepancies in 
(rails result in a lower probabdity ofdissolution anrl ihus a Inglier demand 
for ciiildren. 1 he r<‘levant resulis fry)m ihi.s regres.sion on .3,202 observ'a- 
lions are as fo)lo\N.s. With ages of husband and wife, .schooling Jcv'el.s of 
liu.sband and wife, and husband's wage and wile'.s age at marriage (and 
age at mairiage squared) included in the legrcssioji. the education 
cross-fjroduct has a highly significant co<*(iici(‘ni (.016, t = 6.96), as 
predicted.'^*’ Race also has a strong jxisiiivc ellcct (1 00, / = 1.90), as 
j)icdicted: lacially mix<'d couples lend to have one less child ilian other 

r,('i the uuc dciiiatid (uiu lion for childu'ii lx* C = "t 

-I- uln’H* -V„ arc ihc (or of th<* 

husband and wile, icspccuvdy, and is otlur vaM.i!>lrs. ’I’hc icini gives the 

\ aluc oi-V/, that is coinljiiu'd with A’,* in ihr opliiual soi ling; h<-n( r rf, > Oil' ihc uplitnal 
soiling lias posiiiw asvataiiM* Dialing. Thi* iciin in lu.ickcK is a incasun. of ihc rlis- 
<rcpancy Ix’tvvccn the* oputrial and ihc ;uuial \nliir of A’y^; In-ncc < 0 Ix-causc ihe 
proliabiliiy «.il iliisoluiion ^\lll be high<'r an<l the <h niand lor rlnldini .smaller when ihe 
discrepancy IS ^1 i-alcr By expaiisKni, C = fiZ + — 2(i2d(t)Xh 4- (a, 4- ‘In 2 d f) .\\. 4 

^ 2 X 1 ^ 4- n 2 dlX^ — 2<'/2^i'lA',,A'^. 4- n^do- •Sin<<* ^2 <" 0 an<l r/, > 0, die roeflitienl of 
A',,A\v **' positive, and l!ie coetlicients X^ and .V^. are negalui*. II d^, ir 0, the ciV 
efTic ii’iils of the linear lerni aie iniatl«H led by any discrepanc y. Sint e X^, X^,, and X,,A\^, 
are fnghly lollint’.ii, we elimnialed Xj aiul A’^,^ lioni itie regression; llns biases the 
eoeiricienl of dc)\vnwaid- la*., .igainsi oiir hypoiheMs beeaiwc* the onnilc*d 

variables ai<* both posiiively cortelaled wilh 

Ollier slndies have also tound ihal ihe interacliou betwe<*n ihe education of mates 
<jf .sorru-Umes the inl<rac(Ion b<(u'een hiwband’s inc<ime and <clutali<Hi has a 

])ositi\-e eHcci on ferlilily (see (iarnson, Andeison, and Kec'd Kisei 19()8, and 

Hen-Pc»rath 1974, and also 1974). The in(eta<lioi\ belweeii K^salso appeals to 

aflecl ferlilily (see (ianison ei al. I9()8) “pre.sumahly foi lh<- same M-asfins fthal explain 
(he -similai resulis of eduraUon] whatever ihey may be” (p. 124). We have supplietl a 
reason; couples whose i(,^soT educations or other iiails difler from vshat ihey would 
be in the oiuimal sorting have fewer children because they have a greaier probabiUiy of 
disstilulioTi. W’dlis (1974) afgut'S that tin* mterarfeon Ix'tweeii education levels has a 
positive effecl on ferlilily b<*causr the value ol ihe wile’s time is inversely related lo the 
degree of interaclion. This may well rontiibute to the explanation of the findings on 
education and lO hut, unlike our argument, is not relevant lo the relaied firuling that 
drscrepancjes in rare and religion (discussed below) alsrj redute fertilily. 
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couples. The age cross-product coefficient is inconsistent with our pre¬ 
diction, but is very small and statistically not significant (— .002, 
I = 1.33). 

Additional evidence is available from a regression of the number of 
children ever born to Terman women (who first married prior to 1940 
and whose marriage was still intact in 1960) on several variables including 
a dummy variable defined as one if the spouses were of the same religion. 
That religion variable has a sizable effect: the number of children is 
reduced by about 0.7 if spou-ses have different religions, which is more 
than one-tliird of the average number of children in this sample (the 
coenicieiit’s t-value = 1.83). We reported in the previous section that 
Terman women are mucli more likely to divorce when they marry 
someone outside of their religion, so these data also indicate that the 
demand for children is lower among couples with a relatively high 
irrobability of dissolution. 

This section has adduced evidence of causation running from the 
probability of di.s.solution to the demand for children: a high probability 
reduces the demand. 'I'liere is a little evidence also that the demand for 
other kinds of inarital-specifit rafrital is reduced as well.'^' Direct quanti¬ 
tative evidence, as opposed to the indirect evidence in table 4, of causation 
running from children to the probability of dis.solution is available in the 
evidence below on remarriages and dissolution of sectrnd marriages. 

-1, Rcr/wiruif’f 

Divorcctl persons in the Uniletl States can remarry again if they choose to, 
and the overwhelming majority eventually tio. 'lire SlsC) sample is 
tyi'ieal; more than 7.3 percent of divorced men and more than 70 percent 
of divorced women remarried within 15 years of their divorce. The word 
"eventually” needs to be emphasized, however, because remarriage is 
far from immediate, (fitly 31 percent of the SEO men and 22 percent of 
the women remarried within 2 years of their divorce, and only 48 and 
43 percent, respectively, remarried within 5 years. 

(fur theoretical analysis implies that the probability of remarriage is 
greater when the expected gain from marriage is greater as a result eitlier 
of lower search costs or greater gains in the “optimal” sorting (see 
implication 8 in Section 1.6). As a test of this implication, the probability 

Moreovei, this roefficient as well as the education coeBicienl, is probably biased 
downward because of the omission (due to collincarity) of the squares of age and 
edueation. 

See Ifeckei el al. (1970) for evidence on ihe relaiion beiween the participation in 
the labor force by married women and the discrepancy between tfieir traits and those 
of their husbands. 

Since considerable time usually elapses between separation and divorce, the time 
between dissolution and remarriage is much longer. 
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of remarriage of divorced men and women in the SEO survey was related 
to several measures of the expected gain. The logit results reported in 
table 6 pertain to the probability of remarriage by the nth year after the 
termination of first marriage (n = 2, 5, 10, and 15 in the four regressions 
used in table 6).’^ 

Higher earnings for men significantly increase the probability of 
remarriage at all four durations.This is further evidence that the 
expected gain from marriage is increased by an increase in men’s earnings 
(see implication 1 in Section 1.6), evidence that is consistent with the 
findings that an increase in earnings reduces both the probability of 
divorce (table 2) and the age at marriage (Kccley 1974). 

Persons divorced from marriages with relatively' large expected gains 
would tend to have been married longer than other divorced persons 
because more time is required to accumulate a sufficient amount of 
adverse information to offset larger expected gains (see Sections 1,3 and 
implication 8 in 1.6). Hence the length of the first marriage can be used 
as a proxy for the expected gain,** and should be positively related to 
the probability of marriage. Table 6 strongly confirms this; the prob¬ 
ability of remarriage is raised by about one percentage point for each 
additional year the first marriage lasted. 

Education has a statistically insignificant effect on the probability of 
remarriage for both men and women (again, see Hannan et al. [1976] 
and Sawhill et al, [1975] for comparable results). These results are con¬ 
sistent with the weak effect of education on the probability of divorce 
(see tables 2 and 4), and with the implication that an increase in edu¬ 
cation has offsetting effects on the expected gain from marriage (see 
implication 3 in Section 1.6). 

Age at divorce has a generally negative effect on the probability of 
remarriage,** an effect which is stronger in magnitude and statistical 


Note that, whereas the divorce probabilities anaJyzcd in Section II.1 are conditional 
or marginal probabilities lor each successive 5-ycar interval, the probabilities of remarriage 
in tabic 6 are cumulated over the total n years from the end of the first marriage. Hence 
the coefficients in table 6 give the effect of each variable during the entire time span 
specified. Comparable OLS regressions here too yielded essentially the same coefficient 
estimates. 

We have also run these regressions replacing annual earnings by weekly earnings, 
and these regressions also exhibit a significant ptwitive effect of earnings on the remarriage 
rate. Similar evidence is found in other studies (c.g., see Hannan ct al. 1976, p. 87; and 
Sawhill, Peabody, Jones, and Caldwell 1976, p. 85). 

** It is not surprising, therefore, that expected earnings of divorced men, a direct 
measure of the expected gain from marriage, and the duration of marriage are positively 
related. 

The quadratic terms in AD in table 6 imply that the probability of remarriage 
declines for women with age at divorce above age 22, 22, 25, and 20 in the four separate 
logit functions, respectively; for men the probability declines with age at divorce above 
age 33, 23, and 17 in the three logit functions, excluding the 10-year result in which the 
probability declines with AD at all levels. 
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tables 2 and 4. *\s\niptotic /-values of logit coefRcienis are in parentheses 
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significance for women. This differential effect for women is presumably 
partly related to the closer connection for women between age and child¬ 
bearing capacity and partly to the sleep decline with age in the ratio of 
unmarried men to women.” 

The probability of remarriage appears to be higher for divorced persons 
than for widows ; the widow dummy variable has a large negative efl'ect on 
the probability of remarriage that is statistically significant for women. 
This would not be consistent with our analysis if, as seems likely, widows 
gain more from marriage than dtvorecd persons; after all, persons do not 
usually become widowed principally becatise their marriage w'as not 
successful.® 

The dummy variable dislingtiishing widows from divorcees implicitly 
assumes that they have been in the “remarriage market’' ecpially long 
when the elapsed times from legal tertnination of their first marriages 
have been e(|ual. Yet many divorced persons begin looking for another 
mate as soon as they separate, and some separate only after they have 
foiintl another male.’’’ At lea.st part of the .separated lime of divorcees 
should be indnded, therefore, when caletilating ilieir lengtli of slay in the 
remarriage market. Since the SltO survey did not ask for iJie dale of 
separation, we have reeslimated the regre.ssion.s ntKlcrlying table 6 after 
simply sublracling 2 years from the tin le of divorce, although the separated 
lime of most divorced persons may well e.xcecd 2 years (see Plaleris lf)73A, 
pp. 1.5-lfi). The probability of remarriage in these revisctl regressions 
(not shown here) is no longer smaller for witlows; indeed, tife coeiricieni 
of the widow variable is usually positive, although never statistically 
significant. 

An explicit estimate of the elfcet of separation can be derived from the 

E g , in ihc O ri-sus (In* miinbcr oi'uiiinairK-d nn-ii dctlinccl (oniinuously wilh 
age, while th(‘ number of uninarrioil woinrn d<*rliii<.*<! to ag<- 30 'H and losc ihrHMfln. 
T’hc nuuibci f)r unniai I'it d 'wonioii p<*r unm«u i icd ni.in, yi'ins <tld( i, fell until (ho mou 
wcif ago 30-34 and rnsr (h/'ifabrr (srt U.S. Burrau «>1 ihr (a'nsns 

The si-lctlion of'widows may nol bt* coniplrtrly mdepi-iKlciU tiflbu success olTbcir 
iiiari'lagc because “unhappy” persoiib probal>ly die nu.ne icadily than “li.ippy” ones. 

E\idence fioin ihc labor market indieates that many, if nol mosi, persons find a 
n< w job befoie they quit oi’ are Iai<l oirirom (h<'ir <»l<l tun'. tn <ifie clat.i set .dmost all ({uits 
and about 73 p<’/cent of layolTs wcje reemployrd with rugligihle uni mplovmeni (Bartel 

1973, p. 39). 

The percentage rernairying is mucit higlier for divorced ihan for widowed women 
and slightly higher for div'orced than for widow<*d nitu when age at letininaiion of the 
first marriage i.s not held constant. Kg., 3 years alter feiiiiinatimi of (hr mairiage, 411 
percent of divorced men and 43 percent of divorced \vom<-n in ihi.' SEX) s>urvey had 
remarried compared lo 4.3 percent of widowed men an<l only 21 peicenl ol VNidowed 
women. 'The explanation is that w’idow'cd pt'isons <ire getierally oldei, and many more 
women are widowed than men. Sinee divorces occui mui h euilier and an equal number 
of men and women bi'come dixorred, the remarri«igr market is much bi tter lor the 
younger still-fetund divorced woman than for the oklei widowed woman. I his interpre¬ 
tation is borne out by 1971 figures from the Census Bureau (set* U.S. Buieau of lh<‘ 
Census 1972&, table 1). 
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TABLE 7 


Regressions on the Time Interval (Years) between Termination of First Marriage 
AND Date of Remarriage for Terman Subjects Married More Than Once by 1950 
AND with Spouse Present, by Sex 


Variable 

Women 

Men 

Age at termination of first marriage. 

-.21 (- 1.17) 

-.03 (-.38) 

No. of children, first marriagi* . 

1.02 (2,13) 

-.19 (-.70) 

Duration of first marriage (years). 

Length of separation in first marriage (in 

.10 (.45) 

-.43 (-2.64) 

fi-iiionth intervals) . ... 

-.45 (1.10) 

-.20 (-1.47) 

Widowfd . . 

-1.33 (-.fi9) 

-2.90 (-2.29) 

Constant.. .. . 

8.13 

G.07 

. 

.13 

.17 

r . 

1.96 

3.58 

Sample si/e . 

42 

72 


Non — f-valurs in parrnihesrs. 


'I'crinaii .survey a.s it iridudes information about tlie length of .separation 
during the fir.st marriage. The time interval between the legal lerinination 
of the first marriage and the commencement of the second marriage for 
the small number of Terman subjects in their second marriage in 1950, 
was regressed on the length of separation, a dummy indicating liow the 
first marriage ended (widowed = I), and other variables used in the 
analysis of the SliO data. The results in table 7 indicate that widows do 
remarry more fiuiekly than divorced persons - the coefTicient for men is 
statistically significant'’'—when the length of separation and other 
variables are held constant. Moreover, persons do appear to use their 
time while separated to -search for another mate: both men and women 
tended to remarry more quickly when they were separated longer. 

tihildren from the first marriage significantly reduce the probability 
that women remarry during any given period of time since legal termina¬ 
tion of their first marriage (table G, right-hand side) and increase the 
time it takes to remarry for those who do (table 7). The evidence in 
table G suggests that the nutnber of children may be less important than 
the presence of any children. Our theory does imply that children reduce 
the gain from remarriage because they are specific, to the first marriage, 
and they raise the cost of searching for another mate because they raise 
the shadow price of the mother’s time (sec Section 1.5 and implication 5 

The coflficicnts aie generally les.s statistically significant for women partly because 
many fewer Terman women had lemarried by 1950 (42 compared to 72 Terman men). 
1 he regression results fur iiicii aic also consistent with those from the SEO survey in two 
olliei lespecls: the probability of remarriage is greater for men married longer the first 
time and is not affected by the age at which ihe men divorced. These Terman results 
for women, however, ate not consislcnt with those from the SEO survey, perhaps because 
the sample size is quite small for women. 
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in 1.6).*^ We say “mother’s time” because the children of divorced 
parents usually live with their mothers. Consequently, children from 
their first marriage should not have much effect on the propensity to 
remarry for divorced men; table 7, indeed, shows that, whereas children 
significantly raise the duration of time to remarriage of Terman women, 
they have no such effect on Terman men.*^ 

One immediate implication of this evidence is that divorced men are 
more likely to remarry partly, perhaps even mostly, because divorced 
women usually retain custody of the children. We have crudely estimated 
the effect of custody by comparing the probability of remarriage of SEO 
men in different marriage intervals with a probability predicted for all 
women assuming they had no children.** The results are quite instructive. 
The actual frequencies of remarriage 2 years after divorce are 31 percent 
for SRO men and 22 percent for SEO women. The predicted frequency for 
women, assuming they have no children from the first marriage, is 45.2 
percent, considerably above the actual probability for men!** 

The causation in the observed negative relation between children and 
remarriage rates rather clearly runs from additional children in the first 
marriage to a lower probability of remarrying. This supplements the 
evidence in Section II.3 that there is causation running from a lower 
probability of dissolution to additional children. It also reinforces our 
contention in Section II. 1 that the observed negative relationship between 
children, and the probability of dissolution has an important component 
that runs from additional children to a higher probability of remaining 
married. 


5. Stability of Second and Higher-Order Marriages 

More than three-quarters of persons whose first marriage ends in divorce 
in the United States eventually remarry; many also divorce a second time. 
Some remarry a third time and divorce again. Using divorce and 
marriage records from the state of Iowa, Monahan (1958, 1959) finds 

Also consistrjit wnh this interpretation is the evidrnce that wonu n with lUogitiniatr 
children take longer to marry the firbl time than do women ihr same age without any 
children (see Berkov and Sklar 1976, table 4). 

‘'^The SEO survey does not provide information on the children of divorced (t>r 
widowedJ men. 

'rhese predictions are estimated f/om legrc.vsiom similar to those reported m table 4 
but estimated for divoiccd women alone. 

'^I'he actual frequency for childless women was 100 portent all 32 of the childless 
women remarried within 2 years of their divorce! Differences between the rc'mairiage 
rates of widowed men and women are even larger than are those of di\oixeci pi'isons 
partly because widows arc older and perhaps because widowed men try to remarry 
quickly in order to provide their children with a parent who has or will acquire child¬ 
rearing skills. 
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TABLE 8 

Rt.GRLSSION ClOLFFlCIiiNTS ON DlTMMY VARIABLES INDICATING IF pRI'.VIOUSl.Y MaRRIED 

AND Previously U’idowed, from OLS Rloressions on the 
PhODAIIII ITY OF DIVORCE, BY SPECIFIC INTERVALS, DY SeX 
(SKO While Men and Women, Age 15-65) 


Explanatory Variaiu k 

Marriage Interval (in Years) 

Women 

Men 

0-5 

5 10 

0-.5 

5-10 

Dummy = 1 if second or third mairiage* 

.i:W 

.012 

.030 

.013 


(15.04) 

(1.30) 

(4.13) 

(1.G8) 

Dummy = 1 i) widowed m first marriage 

.002 

-.018 

-.009 

-.009 


( l.4l 

(1.19) 

(.47) 

(.51) 

(entile n'gression) . 

.o:i7 

.010 

Oil 

.001 

/'■ (eiitne regK'ssion) . . . . 

56 82 

12.23 

12.08 

.80 

A' . 

I|,‘W»0 ! 

^>,627 

8,088 

6,948 


N<nv III jiAiru<UrM-A OiUi r v.m.iliU-H itKlu(lr<l m the ah* anr, ntiualinn, anr at 

c (in IT It null 1 i.m'', (01 II It'D ihi ir t .u iiiiii’s. aiiti lui lAonicn the ntiinbct of chililii n fioiii ilirii i urmil 

(11.111 i<tu< <il ih(' hrmntntit* i>l r.it li inirrv.il 

' S(.(. 'iM< I 'll iliiul mat I ia«c lui iiini, t luul mai n.<t:r Im woiikti 


llial llio |)roljabilily o( divorce incrcasi-.s sharply with the order of marriage 
for persons previously divftrccfl*’'’ hnl not for [tersons previotisly widowed. 

W'e ran Ol.,S regressions on the prolxibilily of divorce with the SEO 
data including higlier order its well as lirst tnarriages. The independent 
variahles in these regressions duplicate those shown in table 2 for men 
•and (able 4 for vvoiiten, but the samples differ in that we have pooled 
expet ieiKCS on secotiil tnarriages with those on first marriages for the 
women and have pooled ex[)erienees on second and third marriages with 
those on liist iniirriages I'or the men.*^ In these pooled regressions, two 
dimiiny vtiriables were adtied. The lirst indicates a previotts marriage 
(dcliiied as otic il the oli.si-rvtnion pertains to a second or third marriage), 
and die titlier indicates a previous widowing (defined as one if the first 
marriage ended in widowhood) fable 8 gives the coellicicnts on these 
two dunmiy variables only, taken from the full inulti])le regression 
ec|uatioii. 

i'be m;iin fiiKlings ol Monahan and others continue to hold after 
st.ind.iidi/iitioii. l or women, scconri niarriages are mnch more unstable 
tlum first marriages, especially during the first 5 years of marriage:*® 

In 55, iluTr \\<Tr 17 tlivortrs per 100 first inairiages, 35 ])rr 100 marriages 

vM(h holh spoijs('s pre\ ioiisly clivtirci’d once, anil a whopping 70 per 100 inarringcs with 
hnih previously clnoiced at least twice (Monahan 1058, lahle 5). 

I'Di peisoiis in then thiul marriage, the SK(.) suivey did not ask how ot v\hen iheii 
second niairuge teiminated. We wen* able to inclutle men in then thiid tnariiagc by 
assuming that all were divorced (rather than widowed) fiom ihrit second marriage, and 
that their second marriage terminated during its fii.sl 5 yeais if 10 years elapsed from 
terminalioii (»1 the first mairiagi: to romjncnci'm«*nt of the thud, (luring the second 5 years 
il 1 5 years had elapsed, and so on. Women in their third man iage were excluded because 
a sigriilitant haclion ol them were pie.sumably widowed Irom their second marriage. 

As ron.siriirted, the first dummy variable’s coefficient shows the efTect on the prob¬ 
ability ol dissolution ol being previously divorced comfiared to being in the first marriage, 
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the probability of divorce is about 14 percentage points higher on the 
second than on the first marriage However, in the first 3-year interval tlie 
probability of divorce for widows is greater than for women in titeir first 
marriage. 

The results for men in table 8 are .sitnilai'.* second and third marriages 
of divorced men are more unstable than first marriages of men, again 
especially during the initial years. Widowers are less likely to divorce alter 
remarriage tlian are men previously divorced. Again, however, only in the 
first interval tlir probability of divorce is greater i’or widowers than for 
men in their first marriage. 

Our theory implies tliat previously divorced persons gain, on average, 
less than others from subsequent niiirriages (see Section 1.3 and impli¬ 
cation 9 in I.fi). Since the seJeetifm of widows is more independent of 
their gains from first marriage (see the (W'idenec in the previous secfiori), 
we expect marriages containing previously widowed persons to be more 
stable than those containing previously divorced persons. 

We also ran (3LS regressions with the Sl'X) data on the propensity to 
divorce from second marriages alone, using imlependimt variables similar 
to those used for first marriages (see tables 2 anti 3j. Since lew persons 
had divorced from a seeoiul inarriage (for <‘xamp!e, only \'^ men tlivoreetl 
within the first 3 years oftheir second marriage), die statistical signifitanee 


and the sum of the two dummy variables’ ((M'fhcHuis shows ihe effect on the mohahiluy 
of dissolution ol lK-ing previously widows <l conipaii'd to being in the tiisl marriage 1 he 
slnndardi/alions lor ng<’ at cum-nt nuiiiagc, 4ifi;e and <spc<i.i)lv dui.mon ol runiril 
nianiago wen’ docisixe in thes<* liiidiiigs for men and women The explanation is in.unly 
that persons In first inatriages wiac maiiKsl longr'i* arul thus had num‘ oppot* 

liinity to divorce wtnchffie duting (h<-ir iriam.igi’. 

The bi'hnvior of the Teiinan women is also lonsisteni wnh these results By 1U72, 
when dicy weie atioul GO years f>ld, 27 peieenl li.id be< n dnoiced fi(»in then first hus¬ 
bands. IVfoi e than Y) percent of tfje wornerr vvlio <fivoKr<l ihe fn si time and remm in tJ h.nl 
divorced again—about twice th<‘ divorce i.ue lioin lost luainagis ron.]).iud lo 
jjeirent ot the (just eight) women whoweie sMtlowt-d dw- fiist iiiTu* and had rc’inairied 
Only 12 women were marrierl a iJii/d time. FoH)- prre< nt (lour,' ol ihnse (JO; wJk; fiad 
IxM’ii di\ circl’d from both pres ious rn.o liages wen- disoif ed again, w hei ca^ u( il lu i of die 
tw'o previously widowed women h.u! di\oice<! 

^^’J'he tln-ory also predu t.s that the aveiagi" dioalion lodnone oJ ih(*sf h-i nnn.i I my 
their miunage should decline wiih marruigi* ord<*r be( ause ihe I’sperted gain bom 
marriage li-iids to b<‘ smaller for pet sons pii’VM^usly di\oic('<i twii e ih.in for I hose di\ oi ( e(J 
only onc’f, and still smalh-r for ih )se dn-oiced iho-c limes, .oid so on. i his (,in ( \pl.iin 
Monahan’s evidence (table 11) of a sigml'ieant d< ( hue with in.n iMge rndei in ihr 
aveiage duiation lo divoi te foi persons pirviously <li\oi< ed hul nol I»iei louslv w nlow eel 
li can also explain lh<’ fjositice n-Intion between the dutalion oj the lirsi in.ijj i.ige .ind du 
pi obabilily of reinai riage (si*r tables b .and 7), and ihe e\ idenec in tabli 8 di.it die piob- 
.ibility of divorce on second and third maniages is especially high dining tin lust h 
years of inarriage. Ho\vev<T. wl»<*n the .SK() dat.i aie st.indardi/i d for age and .tgi al 
current marriage (Monahan’s data weie not standardized loi these \ai iabh sh the .ueiage 
duration is no longer related to marital order. Conv'quemly, when ajipiopiiately 
■Standardized, the SEO data do no* support our piediction ilial duration lo clivoice will 
decline in higher-order inarriag<*s. 
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of most coefficients is quite low. Yet, the signs of the coefficients are 
generally consistent with those for first marriages. For example, an 
increase in the earnings of men seems to reduce their propensity to divorce 
on second as well as first marriages, again except perhaps when earnings 
arc quite high. 

One interesting new result for women is that children from a prior 
marriage appear to increase the probability of dissolution from the 
current marriage,^' whereas children from the current marriage appear 
to decrease this probability in second marriages, just as they do in first 
marriages (cf table 4). Our explanation of both effects is that children 
are marital-specific capital; children from the current marriage increase 
and children from prior marriages decrease the gain from the current 
marriage (see implication 5 in Section 1.6). 

The positive effect of children from prior marriages is further evidence 
of causation from children to marital stability, since an exogenous inereasc 
in the probability that a second marriage will dissolve would hardly raise 
the (Icniarul for children in the first marriage. There is, however, also 
further evidence of causation from marital instability to fewer children: 
lliere arc fewer chiUlren in higher order than in first marriages, even after 
age at current marriage and duration of current marriage arc held 
constant. Since the probability of dissolution increases with marital order, 
the number of children would decline with order if the probability affects 
the demand lor children. 


6, I'he Secular linul in Divorce 

I'he number of divorces has grown remarkably during the last I2.'3 years 
in all Western countries that permit divorce. For example, only two (!) 
divorces per year were granted in Fngland between 11)00 and 1850, 

I'hr (oi'IIkkiUs of (h<’ iuiinb»*r of cliiUlrm from ilic first mairiagc are +.44, 
+ .H3, aiui +.‘‘)2 in the first three 5-year-cluration inleivals, respectively. This positive 
i’ffcrt of cliiklini fioni pnm marnagrs eoiild even !«• urKlcrestinialecl l>fcaii.se some ol 
I he elfcet may lx- pu keel up by ihc prt marital conception variable, which has a significant, 
positive cocflicieiil in ific fii-sl (wo niainage duiation intervals. A premarital conception 
js di’fiiied .IS any biiih .sLibsefju<*nt to the legal iciminalion oi the first marriage and prior 
to the seventh month of the second mariiage, so it might capture the effect of children 
Ironi “piior riMri iages” if some of these biiths vveie conceived during the first maniage 
<M conced ed by .someone other than (he second husband during the time interval between 
m.Ullages. When the childien from prioi maiitages and the children conceived from 
pieniarital conceptions are combined into a single variable of children born prior to the 
second marriage, the coefficient is sizable and positive in the second and third intervals 
(/-values = 3 and I, respectively) but negative in the til's! interval (its /-value, however, 
is less than 1) rhe positive effect of the premarital conception variable in the first 
mariiage regre.ssions (see table 4) may also be partly measuring the destabilizing effect 
of children from "prior” unions. Note also the evidence that women with illegitimate 
children not only lake longer to marry (see n. 65 above) but arc also more likely to 
divorce than are other women (sec Berkov and Sklar 1976). 
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whereas in the past year or so there have been approximately 1 million 
divorces a year in the United States. Based on 1973 data it is estimated 
that about 40 percent of new marriages in the United States will end in 
divorce (see Preston 1975). The reported divorce rate in the United 
States (the number of divorces in the year per 1,000 married women age 
15 and over) rose from 4.1 in 1900 to 8.0 by 1920 to 8.8 by 1940 to 9.2 in 
1960, with sizable fluctuations, especially around World War II. Since 
the mid-1960s, the rate of increase has accelerated; by 1970 the divorce 
rate was 14.9 and by 1974, 19.3. Wc believe that the theoretical and 
empirical analyses in the previous sections can contribute significantly 
to an understanding of these trends and fluctuations, but here we only 
sketch out the main considerations.’^ 

The number of children per family has been declining since the 
beginning of the nineteenth century in the United States, and the decline 
accelerated during the last 20 years. Our analysis implies both that a 
decline in the number of children increases the probability of divorce 
and that an increase in this probability reduces the demand for children; 
the survey evidence analyzed in previous sections has confirmed that 
both directions of causation are important. Presumably, both directions 
of causation also are at work in the secular decline in fertility and secular 
rise in divorce. Note, however, that the recent arcelerated decline in 
fertility began in the 1950s, at least 5 years before the accelerated increase 
in divorce. 

An increase in the wages of women would reduce the gain from 
marriage, even when the wages of men increased at the same rate, 
because the sexual division of labor between market and nonmarket 
activities would decrease, and more married women would enter the 
labor force. Therefore, the secular growth in wages, which contributed 
significantly to the growth in the labor liirce participation oi' women, 
especially married women, probably also contributed significantly to the 
growth in divorce rates. Again causation probably flows both ways: 
divorced women (and women who anticipate divorce) have higher wages 
because they spend more time in the labor force. 

Legal access to divorce became much easier during the last 100 years in 
the United States, Great Britain, and most other Western countries. 
Although wc believe this trend toward easier divorce has been mainly a 
response to the increased demand for divorce, it may also have been 
responsible for a small part of the growth in divorce. Whatever the 
causation, the case of obtaining a divorce and the fraction of women 
married are positively correlated across stales, even after age and many 
other variables are held constant (see Freidcn 1974 and Santos 1975). 

One of the most provocative trends in recent years is the ri.se in ille- 


Michael has begun a systematic analysis of the trend during the last 2 decades. 
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gitimacy despite the improvements in contraceptive technology and 
easing of legal restrictions on abortions. According to our evidence on 
the effect of “prior” children, illegitimacy should raise the probability of 
divorce. However, the rise in illegitimacy may be responding to the same 
forces that raised the divorce rate, namely, both may be responses to a 
decline in the gains from marriage. 

A growth in the divorce rate itself encourages additional divorces 
because the remarriage market is better when there arc more divorced 
persons available. There is evidence in table 6 that the remarriage market 
did improve as the divorce rate grew over time, for the probability of 
remarriage during the first few years after a divorce also grew over time. 
.Moreover, the sharp acceleration in divorce rates that began in the 1960s 
may have been partly caused by the prior growth in divorce rates. 

Tables 2 and 4 provide some evidence on the tiend in probability of 
divorce. The estimated trend is measured by the coellicient on age, but 
its interpretation across marriage intervals is subject to several qualifi¬ 
cations (see Hecker el al. 1976). While nearly all the estimated trends are 
positive, the only significant one suggests an increase in the probability 
of divorce of about I percent per decade over the time span covered by 
the SIT) data (I920.s to early I960.s). These estimates of the trend in 
divorce rates ate net ol'standardizations Ibr trends in age at marriage, 
years ol schooling, earnings of men, and the number and ages of children 
born to women. These standardized estimates may be biased because 
standardizing with (lid'erenccs across households in earnings, education, 
or age at marriage docs not correctly provide for the elfect of secular 
changes in these variables Moreover, lhc.se estimati's have not been 
corrected lor the cil'cc I of changes over time in the earnings of women, 
divorce laws, the size of the remarriage market, and other variables that 
contributed to the observed trend in divone ratc.s. 


I'A'cii (hougii -Ol oKicusc Ol in-ilr e.ouoigsoi .ige .it iniiriiaRc sigiiifii'aotly reduces 
tlu’ jirobabiloy urdiioue when loiiipauiig lidlerenl households at the s-une rnotneiu in 
time, the U'Uilioii bclwmi the scrulai iiui<*<is»c in cluorcr ratts and ihe secular changes 
in llu*Sf vaiiablcs js l<-ss < l<’ar. An incir.i.sc »n the earnings of one man iflaUvc to the 
rurniiigs of'otlirr men in llu- inaiiiagr market mcicasos his gam from mairiage partly 
because lie is able lo altiact a woman with iimhc desirable allMbules. On the other hand, 
when the earnings of all men increase, with little change m the disliibulion of the 
attributes ol women, all men cannot be mh ted v\iih more desiiablc women. Consequently, 
an increase m ilie earning** ol any man wtmid have a smaller eirect on his gam from 
marriage and thus on his probability ot disvilutum when the earnings ol other men also 
increase. A similar argument can be made for gen<*iai incicases m education levels, and 
related arguments can be made lor a decline m the average age al marriage. Therefore, 
the huge secular growth in male earnings may not Iiave greatly reduced, and the secular 
decline in age at marriage may not have gieally increased, the propensity to divorce. 

7'he appioj)iiale ^vay 1<j standardize lt)r diHer<*nc«*s in <'arnings also partly dcpend.s on 
the life cycle m earnmg.s. If, for example, a 35- and a 45-year-old person had the same 
earnings in 19bb, the younger person would generally have the higher earnings profile 
because earnings tend to increase between ages 35 and 45. 
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7. Summary of Empirical Analysis 

Many of the more important theoretical implications are listed in 
Section 1.6. The empirical analysis using the 1967 SEO and 1920 60 
Tcrnian data, as well as the findings in many other studies, strongly 
support these implications and arc also of interest in their own right. The 
main empirical findings arc a.s follow.s. 

1. An increase in the expected earnings of men reduces the probability 
of dissolution on first marriages, raises the speed and probability of 
remarriage if the first is dissolved, and reduces the probability of dis¬ 
solution on second or higher-order marriages. An increase in the expected 
earnings of women, on the other hand, has the opposite effects; it appears 
to raise the probability of dissolution and to reduce the propen.sity to 
remarry. 

2. Unanticipatetl events, whether favorable or unlavorable, tend 10 
destabilize marriage. For example, either unexpcctetlly high or low levels 
of earnings of men or difficulties in conceiving children appear to raise 
the probability of divorce. 

3. An increase in the number of children, especially younger children, 
from a first marria,ge reduces the probability of dissolution of that 
marriage, and the .speed and probability of remarriage for moihcrs with 
custody. Indeed, if divorced women did not visually receive custody, their 
propensity to remarry would not be less than that of divorced men 
Although children from second and higher-order marriages also lower 
the probability of dissolution in these marriages, children from first 
marriages apparently raise the instability of subsequent marriages 

4. An increase in the probability of dissolution, as measured in our 
empirical work by the propensity to marry outside of one's religion, race, 
or education or IC) cla.s.s, reduces the demand for children and for othei' 
marital-specific capital, such as skills highly specialized to the nonmarket 
sector. Findings 3 and 4 together indicate that tlic observed negative 
relation between the piobability of divorce and chililrcn involves causation 
running in both directions. 

,3. A person who marries outside of his or her religion is nun h more 
likely to dissolve the marriage, to marry out of his religion if he does 
remarry, and then to divorce again. Moreover, even if a divorced (but 
not a widowed) person married in his religion the first time, he is rather 
likely to marry outside his religion the second time, 1 he propensity to 
marry out.sicle of one’s religion, and then to clksolvc the marriage, is 
partly related to the number of potential mates of the same religion that 
is available. 

6 . Persons who marry relatively young arc far more likely to dissolve 
their marriages than are those who marry at “normal” ages. This has 
been well known, but less well known is our finding that persons who 
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marry for the first time relatively late— for example, in their early 
thirties—have the highest probabilities of dissolution. 

7. The propensity to remarry is positively related to male earnings, 
the absence of young children, the length of time separated before legal 
termination of the first marriage, and the duration of the prior marriage 
(a variable that serves as a proxy for unmeasured determinants of the 
expected gain from marriage). Widowed men or women are more likely 
to remarry than are divorced women or men, after allowance is made 
for age at legal termination and some other variables. 

8 . The probability of di.ssolution is much higher on second marriages, 
and still higher on third marriages, for persons previously divorced but 
not for persons previously widowed. 

Most of our empirical evidence involved different households at a 
moment in time. Yet a limited examination of evidence on trends in 
divorce rates suggests that our theory can also contribute significantly to 
understanding the secular growth in divorce, including the acceleration 
which began in the 1960s. The most important variables appear to be the 
decline over time in number of children, the growth in labor force 
participation and carning.s power of women, the growth in the breadth 
of the remarriage market as more persons become divorced, and perhaps 
also the growth in legal access to divorce, illegitimacy, and public 
transfer payments. 

III. Concluding Remarks 

We recognize that the statistical significance oi' many empirical findings 
from the SEO survey is weak, especially in view of the usual amount of 
experimentation involved in empirical economic research. Yet we believe 
that the empirical evidence in Section 11 as a whole tells a consistent story 
that oilers significant support for the theory developed in Section I. The 
evidence is adduced from many data .sets, analyzed by many different 
researchers, and encompasses irnlividiials in quite different income, 
education, religion, and family background categories. The data sets 
include a large cross-sectional survey with ovcisampling among low- 
income families, a large, more representative sample that follows persons 
for several years, a small .sample of “geniuses” followed for 50 years, and 
other tlata including a small sample of Jewish and t.'atholic marriages, a 
sample of women in California with illegitimate children, and samples 
from the divorce registry in Iowa. The determining variables in the 
various analyses conducted or referenced here include earnings, education, 
and health of men and women, age at marriage, duration married, 
“intermarriage” by religion, race, age, and education, illegitimate 
children, and legitimate children from first and later marriages, and 
divorces from second and third as well as first marriages. 
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It is easy to develop special theories to explain specific findings on 
marital dissolution, and many have been suggested. It is a challenge to 
find a single theory that adequately explains the rich set of findings 
reported in Section II. The theory advanced in Section I, based on 
utility maximization under uncertainty by participants in marriage and 
remarriage markets, passes this test reasonably well. We suspect that the 
theory will do even better when it is more fully developed, with the 
significant remaining gaps filled in. These gaps include a derivation of 
the equilibrium sorting of mates when there is uncertainty about traits 
and a more satisfactory treatment of the interactions between the possi¬ 
bility of remarriage, optimal extensive and intensive search, and first 
marriage divorce. 

The approach to marital dissolution developed here should also prove 
useful in analyzing the dissolution of (implicit as well as explicit) contracts 
of indefinite duration between employees and employers, business 
partners, friends, etc. I'hc case for a common theoretical approach to all 
social behavior would be greatly strengthened if the same theory is 
applicable to employee turnover and the termination of friendships, as 
well as to marital dissolutions. 
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Location of Firms within a Square 
Central Business District 


Donald J. O'Hara 

Umversity of Rochester 


In a square central business district (CBD), with rectilinear (cast-west 
and north-south) travel, production is assumed to require face-to-face 
transactions between firms. Each firm’s locational decision therefore 
reflects travel costs between that location and all other CBD locations. 
The assumption that firms arc uniformly distributed permits an analyt¬ 
ical solution: rent contours arc circular and office rent declines as the 
square of the radial distance from the center. Thus, in contrast to 
travel-only-to-the-center models, the rent function is concave from 
below; this property is shown to hold for arbitrary firm distributions. 
Endogenous firm distributions, investigated numerically, generate 
nearly circular rent contours. 


Our intense appreciation of the fact that time is money 
has made the cost of land in our large cities extraordinar¬ 
ily great; for it is, of course, the wish to save time that 
makes us crowd our places of business so closely together. 

[VanRensselaer 1967, p. 95] 


Production within an urban area, especially within the central business 
district (CBD), is often said to be characterized by “agglomerative 
economies.” These are external to the firm economies of aggregate scale 
that result when each firm, having access to the great diversity of 
specialized products and services available within the CBD, can afford 
to be highly specialized itself (Hoover 1968; Segal 1976). To realize these 
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economies, there must exist a complex network of transactions among 
firms, each of which has many suppliers and customers, with transactions 
between any pair constituting a small and variable fraction of their total 
transactions (Vernon 1960, pp. 68-86, 100-106). 

This paper develops a model of the firm’s locational decision when 
CBD production has the above characteristics, and it investigates the 
model’s implications for office- and land-rent patterns within the CBD. 
The model assumes that transactions can only occur face to face and 
therefore require travel by highly skilled people whose time is valuable; 
transportation of intermediate and final products may also be required. 
Hence, in choosing a location each firm will consider the travel costs 
between that location and all other CBD locations. In contrast, a worker 
choosing a residential location traditionally considers travel costs only 
between that location and a single destination, the edge (or center) of 
the CBD. The multiplicity of destinations considered by each firm is 
what makes the land-allocation problem within the CBD qualitatively 
different from that outside the C3D. 

The complex network of transactions is represented below by the, 
assumption that transactions between a given firm and each other firm 
are equally likely.' Of course, a firm docs not actually choose suppliers 
and customers randomly; instead, it balances travel costs against the ad¬ 
vantages of obtaining a rpiality or specialty more precisely suited to its 
needs. However, if a firm requires many inputs, then even an optimal 
choice of location, given the locations of potential suppliers, will leave 
the firm with substantial travel costs to suppliers located in all directions.'* 
More iirifiortant, a firm with highly variable input requirements will 
not find it economical to relocate every time that changes in these re¬ 
quirements lead to a change in suppliers. Such a firm’s transactions may 
therefore be approximately characterized by travel to a representative 
sample of all CBD locations, although the assumption of strictly equi- 
probablc transactions no doulit overstates the amount of travel between 
each firm and the more distant locations within the (IBD. 

The diversity of prrxlucts and services available within the (IBD is an 
instance of Smith’s principle that the (economical extent of the) division 
of labor is limited by the extent of the market. It is apparently a property 
of technology that given resources often produce a larger quantity of 
output when devoted to [iroducing ,a single product than when divided 
among several.^ Only when the market is sufficiently large, however, will 


^ A somewhat similar assumption is used in Solow and Vickrcy’.s analysis of a long, 
narrow city (1971). 

^ \Vhrro a single supplier or customer dominates a firm’s transactions, the pair will 
obviously coordinate fheir location decisions and are best considered as a single firm for 
the purposes of the present analysis. 

^ See the formulation in Alchian (1959). 
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the value of the larger quantity of specialized output exceed the value of 
the smaller total quantity of more varied outputs. To represent these 
economies of aggregate scale, the model below avoids explicit treatment of 
product diversity and focuses instead on the value of output. It is assumed 
that all firms produce the same output (dollars) but that the amount (or 
value) of the output obtained from given inputs is larger, the larger the 
number of firms in the CBD."* 

The remainder of the paper is organized as follows. Section I presents 
a very simple model incorporating the above a.ssumplion and compares 
its implications with those of models assuming travel only to the center 
of the CIBD. In this model, identical firms arc uniformly distribtited over 
the entire CiBD. Sections II, III, and IV investigate the consequences of 
allowing nonuniform firm distributions, first c.xamining arbitrary dis¬ 
tributions then endogenously determined distributions. Section V returns 
to the basic model and relaxes the assumption that all funis are alike. 
Section VI contains some concluding remarks. 


I. The Basic Model 

A simple model of locational decisions within the C:Bf) can be constructed 
on the following assumptions; 

1 . riicre, are F identical firms, each occupying a unit of ollicc space 
and each producing the same amount of output per period by initiating 
iV transactions with otlicr firms.® Each transaction requires a separate 
trip,'’ and all other firms arc equally likely to be the other participant in 
the transaction. The amount (or value) of output obtained from these 
transactions is a function of the ntimber of firms in the (iBD: q = q{F ); 

?F > 0. 

2. The CIRD is square, with sides of length .S'. All travel is north-.south 
and cast-west. Ihis departure from the traditionally circular cities with 
radial and perhaps circumferential travel is both realistic arni, it happens, 
mathematically convenient.^ 


* Once all firms have be<’ri assumed lo produce tlu* same oulpni, a literal inleiprelalion 
oi'the model would suggest that each firm should eojtdutl all its iz.insaf tioiis wuli the 
firm next door. Hence, an explicit assumption dictating iliat iiansaclions Lake pl.iee with 
a variety of firms in difTerenl locations is lequired. 

* Each firm also participates in an aveiage of A''transucuons per pc’iiod that are ini¬ 
tiated by other firms. A firm is a»>umed to incur travi'l costs only on the tr.insactifais it 
initiates. 

^ Note that if each transaction requires a sepaiatc trip, the assumetl finn-lo-fiT m travel 
is less cosily than requiring all transactions lo take place in a tenlral ni.irket. (Iffirms are 
in opposite quadrants, firm-to-firm travel and meeting in the center are of eijnal cost; for 
tithcr pairs of firms, firm-lo-firm travel is cheaper.) Central markels thus rTonorni/e on 
firiding (high-priced) buyers and (low-priec*d) sr’Ilers <»nly at the cost of adilitional travel. 

^ As will become apparent, the square, though tractable, is not an equilibrium shape 
for the CB1-). On the endogenous determination of the CBD’s size and shape, see n. 9 
below. 
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3. The F firms are uniformly distributed over the CBD. A uniform 
density is clearly neither optimal nor realistic. In effect, this assumption 
rules out the substitution of capital for land that is a central feature of 
urban land-use patterns. The consequences of relaxing this restriction 
arc investigated in subsequent sections. 

4. The travel occasioned by transactions produces no congestion.® 
The round-trip cost of such travel is C per unit distance. The absence of 
congestion costs is a convenience, of course, but it can also be defended 
as a reasonable first approximation. Congestion in the typical CBD 
appears to be much less, if not exactly zero, during the business hours when 
transactions-travel takes place than during rush hours when workers are 
commuting to and from the CBD. This ohservation suggests that only a 
fraction of workers can be engaged in transactions-travel at one time, with 
others remaining in the office. Moreover, it must be primarily the more 
highly paid workers who engage in transactions. If low-wage messengers 
could be used instead, it would pay to decentralize business activity 
througliout the surrounding residential area; this would save the bulk of 
commuting costs for office workers. The transactions of the legal, financial, 
advertising, and other .services that locate in downtown areas seem to 
conform reasonably well to the above picture. 

On these assumptions, a firm located at (x,y) will incur an average 
travt'l cost per transaction of 
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J'hus, although transactions take place through rectilinear travel, the 
isocost contours arc circles. Travel cost increases as the square of a firm’s 
radial distance from the center of the CfBD. 

laiuation (I) gives times the average distance traveled per transaction 
by a firm located at {x,y). for a few locations, this is easily illustrated, 
for example, at the center (0, 0) the average distance is Sjl', at the middle 
of an edge (.S'/2, 0) it is 3^9/4; at a corner {Sj2, 5/2) it is S. Figure 1 
illustrates these three ca.scs. In each diagram the heavy line represents 
those locations at the average distance, and every destination closer than 
the average has a symmetrically located counterpart the same distance 
further away than tlie average. 


* Since there are no congestion costs, there are no trade-offs between land use for 
roads or for firms, and U is implicitly assumed that travel uses no land. Such trade-offs 
are investigated by Miyao (1976); eq. (2) below becomes a special case of his equation 12 
if rent in the corners of the CBD is constrained to be zero. 
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(a) Firm at (0,0) (b) Firm at (s/2,0) (c) Firm at (S/2,S/2) 

Fig. I.—Destinations at the average travel distance for firms in three locations 


Since the value of output is independent of location, the bid-rent 
profile will be that value minus the cost of transactions-travel. Each firm 
initiates N transactions per period, so the office-space rent function is 

= gin - NT{x,y) = q[F) +^^), (2) 

A O 

Thus, the isorent contours are also circles, with rent declining as the 
square of the radial distance from the center of the CiBD, as shown in 
figure 2(7. 

The land-rent function will be i'V{x,y) = G'i{{x,y) — K{G), where 
G = is the density of firms paying office rent and K(G) is the cost 
of providing that density of office space. Thus, with a uniform density of 
firms, the land-rent function is just a linear transformation of the oifice- 
rent function. The slope and curvature of the latter determines that of 
the former. 

For purposes of comparison, consider a model in which rent is deter¬ 
mined by the cost of travel to the center of the CBD, retaining the recti¬ 
linear street pattern and the assumption of no substitution between 
capital and land. The latter model implies a rent function R‘[x,y) = 
q{F) — A^C(|ar| + lyj). Isorent contours are diamonds, with rent de¬ 
clining in strict proportion to the east-west plus north-south distance 
from the center of the CIBD, as shown in figure 2b. 

Empirical investigations of rent profiles often find that radial distance 
performs reasonably well as an explanatory variable, despite the presence 
of rectilinear streets. The present model provides one explanation for this 
result, in that travel costs depend on radial distance to the center even 
though travel to the center is no more important than travel to any other 
point in the CBD. The implied rent function is, however, quadratic rather 
than linear in radial distance. 

Alternatively, the explanatory power of radial distance could be the 
result of a world in which travel to the center is in fact the important 
thing and in which street widths and traffic lights have therefore been 
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iuljuslcd to fanlitatc siicli travel, with the result that radial distance is a 
better measure of travel time than rectilinear distance. Still assuming no 
capital-land substitution, such a world would generate the rent function 
r) = q{F) — with circular rent contours but a 

linear rent piolile, as shown in figttre 2c. 

d'luts, tlie qttaclralic rent piofile seems to be a liistinclive feature of the 
present ttiotlel. Otie cottld easily introdticc a production technology that 
retiuired both titivcl to ttll locittions and a signiticant amount of travel 
to the center, perliaps to “e.xport” that portion ofotn])ut not sold to other 
ftrms in tlie C HI), l lte rent function W'ould then have both linear and 
(piadratic terms. Of course, the precise rent function obtained depends on 
the assumptions tiiade. In particular, travcl-lo-the-cenler models produce 
a linear lent ftiticlion only when no capital-land substitution is permitted; 
with sttih siibstilulion, the rent function becomes convex from below 
(c.g., a negative exponential fscc Mills 1969; Muth 1969]). It is thus of 
interest to discover whether the rent function in the Iravel-to-all-locations 
model retains its concave-from-bclow character when capital-land 
substitution is permitted. 


II. Travel Cost and Office Rent with an Arbitrary 
Distribution of Firms 

In actual cities, capital-land substitution obviously produces a non- 
uniform distribution of hrnis. Section III investigates the equilibrium 
distribution of firms and the resulting office-rent and land-rent functions 
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when capital-land substitution is permitted. However, because buildings 
are extremely durable, this equilibrium will be achieved only in the 
correspondingly long run. Indeed, with continuing changes in construc¬ 
tion and transportation technology, long-run equilibrium might never 
even be closely approached. 

This section therefore considers the short-rtin problem of determining 
the ollice-rent function, given a fixed distribution of office space and 
hence of firms. It is shown below that the office-rent function is concave 
from below for an arbitrary distribution of firms. The results of this 
section thus apply not only to departures from long-run equilibrium but 
also to ( '.BDs with irregular boundaries and with pockets of land devoted 
to nonoffice uses such as p.-irks, churches, and parking lots. 

For notational convenience, the (IBD is still cmbeildcd in a stpiare 
with sides of length .S'; the function tlescribing the distributioti of firms, 
G{x,y), takes on the value zero wherever there arc no offices. Flic total 
number of linns is then /<’ = JJ 6'(\, r) dx (1)\ and the ascrage Iravel 
cost for a firm at {x,y) is 


T{.x,y,G) 


(' rV/2 /♦Vi’ 

j, (|\ - k| + l.v - c|)6'(m. V) du dr. (3) 

e j -S:2 J -S/2 


The resulting ollicc-space bid-rent function is 


R(x,y; G) = >/{F) - X- T{.x,y; G). (•!) 


Clearly, the slope and curvature of the rent function depend on those of 
the travel-cost function; for expositional sinqilicity, only the latter is 
manipulated below. 

d'he slope of the travel-cost function is, after canceling some terms: 


VS/2 


Vt .'•S'/2 

(i(u. C'j du — 1 f'(«, 

j du 

J -sn 


s /2 J., 



Breaking the right-hand side of (5) into two parts and interchanging 
the order of integration produces two e.xpression.s, the first equaling the 
number of firms to the west of .v (—■V/2 to x) and the second equaling the 
number of firms to the cast. Now consider the efl'ecl on average travel 
cost of moving a unit distance eastward from .v. 'Fhe distance to each firm 
west of X increases by one unit, and the distance to each firm east of x 
decreases by one unit. The net increase in travel cost is therefore projior- 
tional to the dilfcrcnce between the mtrnbcr of firms to the west and (o 
the east. 

In particular, when half the firms arc on cither side of x, CT/Px = 0, 
which suggests a natural choice of the east-west origin; the nu'diati 
longitude. If the north-south origin is chosen analogously, travel cost 
will be a minimum, and rent a maximum, at (.v, r) = (0, 0). 
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Note also that the right-hand side of (5) does not contain ji; the change 
in travel cost when moving east-west from a given longitude does not 
depend on one’s north-south position. Thus, the travel-cost function is 
separable; it can always be written as the sum of two functions, one 
depending only on x and the other only on_y. 

Consider next the curvature of the travel-cost function: 


(l^T 

HP' 



G{x, v) dv. 


( 6 ) 


The integral on the right is the density of firms on the north-south line 
passing through x. As one moves from west to east at x, these firms are 
both subtracted from the group of firms that is getting closer and added 
to the group that is getting farther away. They thus contribute twice to 
increasing the rate at which travel cost increases. 

Because the right-hand side of (6) is always positive, assuming there 
are any firms at all along the longitude through x, travel cost increases 
at an increasing rate as one moves away from the origin. Since the office- 
space rent function has a slope and curvature that arc opposite to those 
of the travel-cost function, it is concave from below for essentially any 
distribution of firms. 


III. Capital-Land Substitution and Endogenous Firm 
Distributions 

One firm’s use of land near the center imposes higher travel costs on other 
firms which arc precluded from using that land, and these costs are 
reflected in its rent. This provides an incentive to economize on these 
costs by substituting other inputs for land, especially by building taller 
buildings in llie center than on the periphery of the CiBD. 

The extent to which it pays to build up at a parlicidar location depends 
on tlie saving in travel cost at that location relative to other locations. In 
the present model, however, the travel cost in a given location depends 
on the density of firms at all other locations. Thus, the equilibrium dis¬ 
tribution of firms and building heights cannot be determined point by 
point but instead must be determined for the whole CBD simultaneously. 
It is easy enough to write down the integral equation that the equilibrium 
distribution must satisfy, but discovering its properties is more com¬ 
plicated. Limited results can be achieved using the results of the previous 
section, and an analytical solution can be obtained for a special case, but 
otherwise resort to numerical solutions obtained with a computer appears 
necessary. 

Assume that increased density of office space can be provided at in¬ 
creasing marginal cost, with the same cost function applicable to all 
locations. In particular, let K{G) = aG’’, b > \, which is the cost function 
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corresponding to a Cobb-Douglas production function in which capital 
has the exponent l/b and land the exponent 1 — 1/4. Office space will be 
provided at each location up to the level at which the bid rent for office 
space equals the marginal cost of office space, or 

K'[G*{x,y)] = R{x,y;G*)-, (7a) 

ab\G*{x,y)]'’-' 

NC 

= ?(^*) ~ (\x - u\ + \y - t'l)G*(u, v) dudv, (7b) 

^ J -s /2 J -s /2 

where G* is the equilibrium distribution of firms and R'^' is the equilib¬ 
rium office-rent function. Equilibrium land rent, W*{x,y), is simply 
total office rent less the cost of providing that office space: 


lV*(x,y) = G*(x,y)-R{x,y;G*) - /f[G*(s,^)j. (8) 


Elementary considerations (or the results of the previous section) 
imply that both G* and W* decline as one moves away from the origin. 
On the more interesting question of their curvature, differentiate (7) 
twice and use dRjdx = (A — l)4(iG**'^ t'G*/("'.t to obtain, omitting 
asterisks for clarity: 

(4 - 2)(4 - 1)4/7G‘-^ ^ -t- (A - l)4aG‘-^ ^ (9a) 

dx vx*’ cx* 

4 - 2 dR^ ldG\ ^ ^ d2£, 

G r>A; dx / dx) dx^ ’ 

d^G 4 - 2 /dGY dG d^R 

~—\yx) 


From the previous section, d^Rjdx^ is always negative, so (9c) is un¬ 
ambiguously negative when 4 > 2. Unfortunately, this is at or above the 
upper limit of plausible values for 4 since it implies an exponent of 0..') or 
less for capital in the production function for office space. For 4 < 2, 
G* will be concave from below near the origin, where dGjdx is small and 
both dG/dR and d^Rjdx^ are large (both are increasing functions of G, 
which has its maximum at the origin). Away from the origin, the dis¬ 
tribution of firms may become convex from below. 

Much the same qualitative result applies to land rent, IV*. Sub¬ 
stituting (7c) into (8), collecting terms, and differentiating gives: 


dfV 

dx 


= (4 - 1)4<2G'’ 


d^fV 

dx^ 


= {b 


- i)aG'’; 

(10a) 

II 

I 

11 eii 

j 

(10b) 

dx dx 


dR ^ ^ d^Gl 

(10c) 

dx dx dx ^ J 
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The sign is ambiguous for any b > \, but concavity is more likely near 
the origin where dRjdx and dGfdx are small, R is large, and d^Gjdx^ is 
negative. The land-rent function will, however, be convex whenever the 
distribution of firms is convex and, in fact, will become convex while G* 
is still concave. 

An explicit solution for G* can be obtained when b = 2. The first 
term in (9a) becomes zero and disappears from the second term; 

the latter effect implies that the separability of the travel-cost function 
carries over to G*, and (9a) can be written, letting G*{x,y) — H{x) + 


F* J, 


■s /2 


[H{x) + H{v)^ dv 


SI 2 


2NCS , 2NC 

= - - -jz 

H" + = Q, where ™ and Q 

aF* 


-f' 

J -s /2 


il (e) dv\ 


«^-'*j-S/2 


( 11 a) 


H{v) dv. 


( 11 b) 

A solution is given by //(•') = C] cos Bx + sin Bx -I- QjB^. Since 
//'(O) = 0, must be zero, and the equilibrium distribution of firms is 


G*{\,y) = c,(cos Bx cos By) 2QIB^. (12) 


Integration yields Q — — NGI2aS; F* and c, are fottnd by solving 
F* = IJG'* and 2n\M{Sj2) + FI{SI2)] = <]{F*) - NCS. The latter 
equation is (7b) evaluated at the corner of the GBD; the average travel 
distance for a firm in tlie corner is always S for any symmetric distribution 
of firms (that is, fig. If always applies). 


V. Numerical Solutions with Endogenous Firm Distributions 

To investigate the properties of the model when b ^ 2, it was necessary 
to obtain numerical solutions using an iterative procedure and a com¬ 
puter. I’he procedure is .simple and would be nearly as easy to apply to 
irregular GBDs as to the squares considered here. One chooses values 
for N, C, a, and b ; a function q{F); and some initial distribution of firms, 
G°. One then calculates the travel-cost and office-rent functions implied 
by this distribution, using equations (3) and (4), and “builds up” the 
OBD to the heights that are warranted by this rent function according 
to the marginal cost condition in equation (7a). This produces a new 
distribution of firms, G', for which a new office rent can be calculated. 
The process is repeated until the difference between C and C*"' is 
arbitrarily small. 
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This iterative procedure may be of economic as well as computational 
interest. A landowner planning to erect a multistory building might 
determine its height by balancing construction costs against the office 
rent currently being obtained at that location, which is determined by 
the current distribution of firms (or building heights). This decision rule 
corresponds precisely to one step in the iterative procedure. Unfor¬ 
tunately, although a single landowner who follows this rule will have his 
office-rent expectations fulfilled, if all owners follow the rule the distribu¬ 
tion of firms changes, the rent function changes, and all expectations are 
disappointed. The degree of “irrationality” embodied in this mechanism 
depends on the rate at which the stock of office space changes and on the 
responsiveness of the rent function to changes in the distribution of firms, 
a factor investigated below. 

A limitation of numerical investigations is that they produce only a 
collection of examples. Compared with an analytical solution, even the 
most carefully constructed set of examples produces a less complete 
understanding of which assumption leads, by what process, to a given 
characteristic of the solution. With that caveat in mind, numerical 
solutions for a variety of parameter values arc examined below for the 
light that they shed on the following question.s: (1) How far do the isorent 
contours depart from circularity when the firm distribution is endogenous? 
(2) Under what conditions will the land-rent function remain concave 
from l>clow throughout the CBU.'' (3) How rapidly docs the iterative pro¬ 
cedure approach equilibrium, or, roughly, how irrational is the expecta¬ 
tions mechanism embodied in the procedure? 

A natural “origin” for parameter values is provided by the fact that 
the average travel distance for a firm in the corner is always S, inde¬ 
pendent of the distribution of firms (provided that the distribution is 
symmetrical). If firms are to be viable in the corner, q{F) must be at 
least NCS; by setting q{F) = NCS, NC ■ 2S, JVC ■ 3.S', etc., the response of 
the model to different levels of </{/' ) can be investigated without becoming 
involved in the consideration of marginal agglomerative economies. 
Further, multiplying both q{F) and NC by any factor just changes the 
scale, as does any change in a; hence both NC and a can be set equal to 
unity. That leaves the parameter b, the exponent in the ollice-spacc cost 
function; (1/6 is the capital elasticity in a Clobb-Uouglas production 
function). 

Table 1 reports a variety of characteristics of the model’s solution 
when q{F) is identically equal to S, 2.V, 36', and 4.6’, and when b ecpials 
2.00, 1.50, 1.25, and 1.10. For both parameters, the middle pair of values 
is most plausible and/or interesting. When q{F) equals S, both oliicc 
rent and land rent are zero in the corner; this is hardly characteristic of 
actual CBDs, which are located on the most valuable land in the urban 
area. At the other extreme, when q{F) equals 46’, the equilibrium firm 


m 



1200 


JOURNAL OF POLITICAL ECONOMY 


TABLE 1 

Numerical Solutions 



(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

f(F) = 5; 
h = 2.00_ 

.87 

.07 

.35 

.57 

.77 

.51 

.51 

2 

.98 

b = 1.50, . . 

.77 

.14 

.45 

.43 

.57 

.26 

.51 

3 

.88 

b = 1.25.... 

.62 

.27 

.63 

.30 

.40 

.07 

.51 

4 

.53 

b = 1.10. . . . 

.37 

.53 

.92 

.18 

.23 

.00 

.51 

5 

.04 

q{F) = 2S: 
b = 2.00. . . . 

.97 

.01 

.27 

.99 


.83 

.83 

2 

1.00 

b = 1.50. .. . 

.94 

.03 

.30 

.74 


.69 

.83 

2 

1.00 

6 = 1.25.. .. 

.87 

.07 

.36 

.55 

.72 

.46 

.82 

3 

.96 

b = 1.10.. . . 

.67 

.22 

.57 

.33 

.43 

.11 

.80 

4 

.62 

q{F) = 35; 
b = 2.00_ 

.98 

.00 

.26 



.90 

.90 

2 

1.00 

i = 1.50 . 

.96 

.01 

.28 

.99 


.81 

.90 

2 

1.00 

b = 1.25.. .. 

.93 

.03 

.31 

.72 

.96 

.65 

.90 

2 

.99 

b = 1.10. .. . 

.81 

.12 

.42 

.43 

.57 

.30 

.89 

3 

.89 

q(F) = 45; 
b = 2.00. . . . 

.99 

.00 

.26 



.93 

.93 

2 

1.00 

b = 1.50, . 

.97 

.00 

.27 



.86 

.93 

2 

1.00 

b - 1.25.... 

.95 

.02 

.29 

.84 


.74 

.93 

2 

1.00 

b = 1.10,. . . 

.86 

.08 

.36 

.52 

.72 

.45 

.92 

3 

.96 


Notk.- • Col 1 “ avf raRf trav<*l tliifance for a 6rm in tht center as a fraction of that travel distance when 
the distribution of firtns is uniform (»» .V/2) Col. 2 » deviation of rent contour at (.^72. 0) from circularity; 
equatn zero with uniform dnitributton of hrms. equals one m (he iiiiiit when u|] hnns are at the center. Col 3 ^ 
fraction of firms in the cential quarter of the Col 4 = fraction of the (diaRonal) distance to the corner 

at which the latid-rent function ceases to he <.onc.-»ve. Col. 5 — fraction of the di^tanc r to the edge (5/2, 0) at 
which (he iand^rent function (eases to be concave. Col 6 * ratio of firm density (building height) at the 
edge (5/2, 0) to firm density in the center. Col. 7 = ratio of office rent at the edge to olhee rent in the center 
Col 8 a number of iterations (boildmg*up cycles), when (he initial distribution of firms is uniform, needed 
to achieve the 'Vciuilibrium" land*ren( function; i e , a land-rent function that differs from (he preceding one 
by less than 1 percent Col 9 => fraction of etiuihbrium land rent at the center acliieved by the first round of 
budding upward. 


distributions for all values of d tend to approach the uniform distribution, 
making the analytical solution of Section I a reasonable approximation. 
Similarly, A = 2.00 implies an implausibly low capital elasticity of 0.5 
and, in addition, tends to produce near uniform equilibrium firm dis¬ 
tributions. On the other liand, 6 = 1.10 produces an implausibly large 
response of building height to changes in office rent; a doubling of office 
rent produces a 1,000-fold increase in building height. For /> — 1.5 and 
6 = 1.25, the corresponding response is fourfold and 16-fold, respectively. 

I'hc first three columns of tabic 1 bear on the extent to which the 
distribution of firms departs I'rom the uniform and the extent to which 
the rent contours depart from circles. Column 1 reports the average 
distance traveled by a firm at the center of the CBD as a fraction of S/2. 
With a uniform distribution, this is unity (see fig. la); it declines as firms 
become more concentrated in the center. (The decline is always greatest 
at the center and is zero in the corner.) Column 2 is a test of the circularity 
of the rent contours. It reports (minus) the difference between the average 
travel distances of a firm at the end of an axis (S/2, 0) and a firm the same 
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radial distance from the center along a diagonal (\/25/4, \/25/4), as a 
fraction of the maximum possible difference between the two. This 
maximum occurs in the limit when all firms are at the center (see fig. 2b ); 
the^the tr^el distai^ for a firm at {Sj2, 0) is Sj2 and that for a firm at 
(V25/4, V25/4) is \J2Sj2. If the average travel distance at the two points 
is the same, the rent contours are circular. Whatever the degree of non¬ 
circularity at the edge, it will decrease as one moves closer to the center 
(unless all firms are literally at the center), since the clo.ser a location is 
to the center the more there are significant numbers of firms in all direc¬ 
tions from it. Column 3 is a deliberately somewhat crude index of the 
degree to which firms are concentrated in the center; it reports the fraction 
of all firms that are located in the central quarter of the CBD. This is 
meant to be useful in formulating rules of thumb for predicting the 
behavior of the variables in columns 1 and 2. For example, in a CBD 
containing 40 percent of its firms in the central 25 percent of its area (the 
average density in this 25 percent is twice as great as that in the remaining 
area), one would expect only minor departures from circular rent con¬ 
tours. Even with 50 percent of the firms in the central quarter of the CBD, 
the departure from circularity might well be submerged by noise in the 
data.** 

Columns 4-7 bear on the concavitv of the land-rent function. Columns 
4 and 5 report the fraction of the distance to the corner and to the edge, 
respectively, at which the land-rent function ceases to be conc ave. Clearly, 
concavity throughout is more likely the higher are q{F) and b, but it is 
by no means guaranteed, especially for the whole length along the diagonal 
to the corner- even for plausible parameter values. Columns 6 and 7 
again present somewhat crude indicators of CBD characteristics for use 
in formulating rules of thumb for predicting the curvature of the land- 
rent function. Column 6 gives the ratio of firm density at the edge 
(5/2, 0) to firm density at the center; column 7 gives the ratio of office 
rent at the same two points (sceeq. [10c]). For example, if density declines 
by no more than one-third along an axis and rent declines by no more 
than 15 percent, W will probably be concave along the whole length of 
the axis. 

The final two columns bear on the “rationality” of the expectations 
mechanism embodied in the iterative procedure. Column 8 reports the 

^ In a variant of the model, the CBD boundary was determined endogenously by setting 
a equal to zero at every point where land rent fell below a specified level (presumably the 
maximum rent that workers would be willing to pay to live adjacent to the CBD). 
Although the absence of firms in any part of the square affects rent conlour.s in the re¬ 
mainder somewhat, the departure from circularity is about the same as that for the 
corresponding cases in table 1. For plaasible parameter values, therefore, the boundary 
of the CBD is approximately circular, and it should be possible to integrate the present 
model with existing analyses of residential land use, which typically assume an annular 
residential area encircling the CBD. 
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number of iterations required, with G° taken to be the uniform distribu¬ 
tion, to obtain successive land-rent functions that differed by no more than 
1 pc’reent (i.c., the iteration whose number appears in eolumn 8 added at 
most I percent to the land-rent function), ('olumn 9 reports the ratio of 
land rent in the center after the first round of building up to the final 
land rent there. For plausible parameter values, the first round of building 
captures easily 90 percent of the final land rent and very often nearly 
100 percent. The irrationality of the expectations mechanism is therefore 
apparently not very great.*® 

A consistent feature of table 1 is that, for a given difi'crcnces in 

b resttlt in quite different equilibrium firm distributions, 6'*; note the 
variation, within each panel, of columns 3 and 6. These dirfcrences in G, 
however, do not, in ttirn, produce great dlll'erenees in the equilibrium 
olliee-rent function, Jf* ; note the stability of column 7, within each panel. 
This suggests that the simultaneous relationship between J{ and 6' is nearly 
recursive; G is detennined by /i (and by the nature of the cost function 
for office space), but A’ is not much affected by G, 3'hu.s, empirical in¬ 
vestigations of A should not founder on irregttlarities in the observed 
distribution of firms. 


V. Elaborations on the Basic Model 

Relying on the (near) reeursive slrtieture of tite relntionslii]) between R 
and G, this section returns to the uniform lirni distribution of Section I 
and investigates the [iroperties of/>’ when there Is variation among firms 
in some respect. F.ach soitrec of variation is eonsitlered separately and 
only in Its simplest form. 


.1. Vanalion in TramMlwns-Tini'cl liiknsily 

.Since the parameters A'and f.'enter the office-rent function (2) only as a 
product, variation in either will have the .same implications. Suppose 
that there are two types of firms, denoted with subscripts 1 anrl 2, and 
siippo.se that .V|(.'| > Abf.'^. Firms of type 1 will be said to have a higher 
transactioiis-travel intensity than firms of type 2. ObvioiisK, this can 
result fidin being cither in a line of busine.s.s that requires more trans- 
action.s per period or in one that involves a higher eost per unit of distance 
traveled. I'he primary travel cost in the CiBD is presumably not freight 

' ^ When there :ne mnrjarinal .tggh.nirraiive economies, both the theoietical .standard of 
rationality and die evalualion ot' the iterative procedure beroine more compli'x. In this 
rase, r/(/'’) changes alter each round ol'building as /' cliaitges, and die iterative piocedure 
is efiasitig a moving target. When wilh// = O.O.a or tl.10, convergence usually 

lequires several iterations more than in table 1, although the changes in the last few 
Iterations aie small. 
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Pic. !I. - lli\isuni ol the Pilll) lietwirTi linns cl high iiaasat lions-Ii .i\cl intcnsiiv 
(n pc 1) and fit ins (»r lew 1rans.n.tnins-Iia\cl imcnsils (Ivpclli. 


Iiut the time taken by the people (loins; the liavellnir; linns that ernploe 
highly paid [irofessional.s are therefore likely candidates for the role of 
type 1 firms. 

It i.s .still assumed that each firm transacts with, and hence tlcrisTs 
specialization henefii.s from, the |rresence ol all other firms not Just firms 
of its own type. If type 1 firms are to sttrvise, their his/her travel costs 
must be olfset by a higher value of output, I’nrther, the 

bid-rent function of typo 1 firms will h;tve a steeper slope at every point 
than that of type 2 firms; hence, if type I linns are to be vi.ible anywhere, 
it must be at the center, Ry the .same logic, type 2 lit ms must be viable 
in the corners, if anywhere. Both types will be vialile if 

(.v/;, - .v,f.,),y > ^,{F) - > (.\v;, - 1 (13) 

The expression on the left is the travel-cost difl'erenlial in the rorner, 
and that on the right is the dilferential in the ceniei .\s ilhisiraled in 
figure 3, type 1 firms occupy an inner circle of ladiiis /|, and ty|ie 2 
films occujiy tlie periphery. 

In a inoie general world, one containing viable firms along ihe whole 
continuum of transactions-travel intensity, ibe obseived lenl prnlile 
would lie the envelope of bid-rent |iro(iles. 'I'he envelope would letain 
the eoneavr-from-below' property suggested in figiite 3, and tlirre would 
be a eotuinuoiis deelinc in the transaetions-travel intensitv ol films as 
distance Horn the center Increased. 

B. Doa If Pay lo Tiainacl u'llh llie MVw/c C.BI).^ 

Firms have, up to this point, lieen refpiired to transart with all other 
firms. Under certain conditions, howeva'r, it may pay ti firm to forego 
some of the benefits of specialization in order to avoid some of the costs 
of transacting with the entire tl5D. 
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Again, it is assumed for simplicity that there are only two possibilities: 
firms can transact either with the entire CBD or with one-quarter of the 
C;BD. The bid-rent function of the whole-CBD firms is as before. Quartcr- 
C^BD firms, however, can choose the area within which they transact so 
as to minimize their travel costs; in the analysis below, that choice is 
subject to the constraint that the transactions area be square and oriented 
congruently with the t^BD. 

A quartcr-ClBD firm located anywhere within the central square with 
sides of length .S72 {A in figure 4n) can choose a transaction area centered 
on its own location. The bid rent of f|ttartcr-CBD firms will be constant 
within the area marked A: 

A’,/4.(av)') = qm - M. Iji < ^v/4. 


In tlie areas li and D in figure 4n, a quartcr-f.BD firm can choose its 
transaction area so that it is off center in only one direction; thus. 




2 2 ,S72V 


M > .S74. 
I.vl < .S74. 


ant! similaily lor A’, icversiitg the roles of v and v. I'inally. in the 
areas marked a firm's transaction area will be its quadrant, and its 
bid-rent ftinction will be the quarler-CBn analog of the wliolc-(41D 
function. 


i’,;4c('..v) = t/(A'/4) - 





l-M, l.)'l > f 

4 


i'he isorent contours I'or (|uartcr-( 4JD firms arc thus as shown in figure 4A. 

Which size of transaction area yields the highest bid rent at a given 
location depentls on the trade-olf between travel costs at that location 
and the gains from speciali/.atiou. Not surprisingly, whole-fIBD firms are 
vialrle at the center, if anywhere, and quarler-( :B1) firms are viable in 
the eorners, if anywhere, 1 he noncircular birl-rcnl contours of quarter- 
(IBD firms tlo, however, generate a variety of e(|uilibrium occtipancy 
patterns, as illustrated in figuie 4f-?. I'lie changes from left to right result 
from decreases in A'(,'and/or from increa.ses in !/(/' ) relative to q{F/4). 

Any one of figure 4r g suggests the same qualitative generalization to a 
world in which firms can vary their degree of specialization and trans¬ 
action area continuously. For example, in each broad line of business, 
the more specialized firms will be found nearer the center. Among lines 
of business, those where economies of specialization arc exhausted at a 
relatively small scale will be found primarily on the periphery. 
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(a) Areas In which different 
rent functions apply 








Fid. 4.- -Rent coruours for firms that transact only with one-quartrr of ihr CIBO, and 
division of the CBD between whole-(3D firms and qn.irKT-C’BD firins. The sec|Uence 
from left to right in fig. repirsc-nls decreases in A'C and/or increases in q{h') relative 

to i7(/'74). 


The whole sequenee of figure 4r g might also be inlerpreted dy¬ 
namically as representing steps in the process by which a geographical 
area comes to be a unified business district composed entirely ol firms 
doing business over the whole area. This would occur as travel costs 
declined or as changes in technology or growth in the surrounding 
metropolitan area increased the economical degree of specialization. 
Although it is not clear how much of figure 4c-g is produced by the 
artificially simple assumptions of the model, the role of the central axes 
is at least suggestive of real-world patterns. 
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This paper has investigated the implications of the face-to-face trans¬ 
actions that are implicit in “agglomerative economies.” The resulting 
travel-to-all-locations model produces, in its simplest form, a concavc- 
from-below olBce-rent function. A possibly fortuitous result is the de¬ 
pendence of rent on radial distance even though travel is rectilinear. 
The concavity of the office-rent function is shown to hold even for arbitrary 
firm distributions. For endogenous firm distributions, both the distribution 
of firms (or building heights) and the land-rent function are concave near 
the origin, but not necessarily throughout the CBD. Numerical investiga¬ 
tion of endogenous firm distributions suggests that rent contours remain 
nearly circular for plausible parameter values. Indeed, the relationship 
between office rent and the distribution of firms, though nominally 
simultaneous, is nearly recursive. 

Thus, more detailed analyses of other aspects of CBD production can 
proceed on the initial assumption of a uniform firm distribution. Two 
modest attempts in this direction, one involving firms with varying 
transactions intensity and one with firms of varying ability to benefit 
from agglomerative economics, suggest that the concavity of office rent 
will persist in more elaborate models. For example, by relaxing the 
assumption of equiprobable transactions, it should be possible to analyze 
the development of •‘district.s” of firms among which transactions are 
especially likely. A relateil situation involves retail stores: here the cus¬ 
tomer wants to purchase from several types of stores; hence the closer 
each store is to other stores, the more customers it will attract. Finally, 
with a more detailed (and probably nonconvex) specification of the 
firm’s production technology, it might be possible to analyze how a firm 
chooses its degree of specialization by balancing the direct benefits of 
specialization against the travel costs needed to realize agglomerative 
economies. 
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'i'his paper deals with the effects of traiisarlioii costs on the efficacy of 
covered interest arbitrage during three periods; 1962-67, the tranquil 
peg; 1966-69, the turbulent peg; and 1979 -75, the managed float. 
■Several conclusions emerge: (i) during the managed float transaction 
costs have risen dramatically, (ii) these costs played a similar role in 
accounting for deviations from parity during the periods of the tranquil 
peg and the managed float but not during the turbulent peg. Similar 
conclusions emerge from a tiine-sciics analysis of the various exchange 
rates with the implication that a classification of periods according to 
the degree of turbulence is preferred to a classification based on the legal 
arrangement (e.g,, pegged or floating rates), and (iii) covered interest 
arbitrage docs not seem to entail uncxploitcd opportunities for profits. 


This paper deals with transaction costs and the efficiency of short-term 
capital movements. Our prime purpose is to examine whether, and to 
what extent, the efficiency of short-term capital movements has been 
affected by different economic environments generated by the varying 
exchange rate regimes. 
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In a previous paper (Frenkel and Levich 1975), we suggested a method 
for estimating the cost of transactions that is associated with covered 
interest arbitrage. The period studied was January 1962-November 1967, 
a period which was relatively homogeneous in terms of the extent of 
volatility in the foreign exchange markets. We refer to that period as the 
“tranquil pegged exchange rate period.” The British devaluation in 
November 1967 terminated the “tranquil period” and set the stage for 
extremely turbulent times in the foreign exchange markets during 1968- 
69, a period that may be referred to as “the turbulent pegged exchange 
rate period.” Following a transitional phase, the system evolved into its 
present state referred to as the managed (or dirty) float. 

In the present paper we apply the method of estimation to the above 
mentioned three phases of the exchange rate system and concentrate on 
comparing the results obtained for these three periods. One of the con¬ 
clusions emerging from such a comparison is reflected in the title of this 
paper and relates to the classification of periods; it suggests that for the 
study of covered interest arbitrage, it might be preferred to classify pciiods 
by the extent of turbulence rather than by the legal and institutional 
arrangements of the exchange rate regime (c.g., pegged or flexible ex¬ 
change rate sy.stems). In Section I we otitline some of the theoretical 
aspects associated with incorporating the cost of transactions into the 
standard formulae of covered interest arbitrage. Section II contains a 
description of the methodology and the estimates of the cost of trans¬ 
actions. In Section III we use the estimated cost of transactions to as.sess 
their significance in accounting for the observed deviations from the 
parity condition during the three periods under examination. In Section 
IV we examine the implications of following a simple trading rule. In 
Section V we [iroceed in comparing some of the characteristics of the 
three periods by examining the time-series properties of the various 
exchange rates. Some concluding remarks arc contained in Section VI. 


I. Interest Arbitrage apd Transaction Costs: 
Theoretical Aspects 


rile interest parity theory states that the equilibrium forward premium 
on foreign exchange is: 


F - .V _ t - i* 

S ~ I + i*’ 


( 1 ) 


where F and S are, respectively, the forward and spot exchange rates, and 
where i and i * are the dotncstic and the foreign rates of interest on 
securities that arc identical in all respects except for the currency of 
denomination. The formulation in equation (1) ignores any transaction 
costs in the security and the foreign exchange markets. In Frenkel and 
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Levich (1975) we have shown that, when costs arc present (and are 
proportional to the value of transactions), the lower limit on the forward 
premium p = [F — S)IS for which covered ouljlow is profitable is: 

^ (1 + 0 - 0(1 + >*) 

ft(i + /■•) ^ ^ 

where O = (1 — /)(1 — /s)(l — f*)(l — f^) and where I, I*, 1^, and If 
denote, respectively, the percentage cost of transactions in domestic and 
foreign securities and in spot and forward exchange rates.' 

By similar reasoning it can be shown that the upper limit on the forward 
premium for which covered injiow is profitable is; 

^ 0 + ( 3 ) 

\ + i* ^ 


which is smaller than the value indicated from etpiation (1). 

liquations (2) and (3) set the limits for a neutral band within which 
covered interest arbitrage is not profitable Whenever ihe forward 
premium falls within the neutral band such that 

n(i - t) - (1 + i*) ^ ^ (1 + /) - n(i + 1*) 

1 +1* ^ n(i + 1 *) ’ ^ 

there will be no incentive for covered interest arbitrage.’ 'Ihus. points 
that arc bounded within the neutral band may be viewed as er|uilibriuin 
points even though the condition of equati<.)n (1) is not satisfied. I'lie 
width of the neutral band increases with the cost of transactions To enable 
such an analysis it is necessary, therefore, to estimate these costs. ’ 


' To illustrate, consider the costs ol to\ci<*d outflow. If aihiiragers do not IkjIcI cash, 
then covered ouillow lequircs the cxc<u(ion of foui tiansacimns: (<n sale ol doineslit 
securities with transaction costs of / peiceni, {b) s|n>t puirhase of foreign f.uirem y wiih 
lransattif)n costs of per , (c) pm chas»' of foreign sec uriiy wiih Ir .»ns4K lion t osls ol t* 
percent, and {d) lorward sah- of foreign cuiii-ncy with transaction cosis o\' t^ pein nt. 

^'I’he abov’c formulation assumes that pol<*niial arhitragcM always hold sednifies; 
as a lesult, the initial transaction has to be a sale ol sccuiitn’s loi rash Since, however, 
at each pr-tiod some fraction of the existing stork of secuiilir s matures, some aibilr.igt is 
may initially hold cash. Allowing for tins p<»ssibilily in the above loiinnlrM o salts m a 
inoie eonservalive measure ol the cost ol tr.ins.ictions vvhr r<‘ m <*quation (2; vvt* leplacc 
n by n, = QJ{\ — and in equation (3) we replace by 12^ = 11/(1 — 
the eoi responding modification of condition (4). Our fraiiu'woi k con espoiids to the lypie.il 
description which views arbitrage as a “round tup” activity. IC.g.,U^s :u bilragi i s 
begin and end with dollar denoniinatetl a.ssrts and avoid rxchangt iisk by (overmg m 
the lorward market. To the extent that holders i>( a speciht cuneiuy wish it* [uiM'li.ise 
another currency without coinpleliiig the round trip, some ol ihr* rosllv ii.ms.u lions i ould 
be avoided. In this case the rc'sulting band will be nailovvei tlian nulu .itc d bv (1 <. f or an 
elaboration ol this cjise, s< e Deardorff (lf)77). 

Observed devialions from the arbitrage condition iiiducc’d vaiioas ailimpis Ui 
reconcile the iheorelKal expectations with the einpiiieal lacts. In addilion to coveied 
inteiest arbitrage, the modern theory of forward exchange considers also the activiln s 
of hedging and speculation as factors determining the forward rate (eg., Isiang 19:)9; 
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II. The Cost of Transactions: Methodology and Estimates 

There are no direct estimates of the cost of transactions in either the 
market for foreign exchange or the security market. In an earlier paper 
(Frenkel and Levich 1975), we proposed a procedure for the estimation 
of the cost of transactions in the market for foreign exchange by using data 
on triangular arbitrage. Briefly, the essence of triangular arbitrage is to 
ensure consistency of cross exchange rates. As an example, consider the 
exchange rates between the U.S. dollar and the U.K. pound, the U.S. 
dollar and the. German mark, and between the German mark and the 
U.K. pound. In the absence of transaction costs, arbitrage among 
currencies ensures that equation (5) holds: 

W£h = ($/DM),(DM/,f)„ (5) 

where tlie terms in parentlieses indicate the corresponding exchange rates, 
and the subscript r indicates that these prices are for foreign exchange 
delivered at the same maturity r.* If transactions in the foreign exchange 
market are costly, the two sides of equation (5) could differ, and the 
inaximuiii discrepancy would correspond to the difTerential costs involved 
in executing the two types of exchange. Furthermore, if the cost of trans¬ 
acting is approximately equal across leading currencies, then one would 
expect the maximum discrepancy between the two sides of equation (5) 
to correspond to the cost of one transaction. Accordingly, this is the way 
that we estimate the cost of transactions in the market for foreign ex¬ 
change. This estimate should be interpreted to encompass the total cost 
associated with a tran.saction. 'I'htts it includes elements like brokerage 
fees, time cost, subscription costs, and all other components that comprise 
the cost of being informed. 

Taking the cost ol' transactions in the market for foreign exchange as 
the upper limit of the discrepancy from triangular arbitrage is based on 
the assumption that the structure of the cost remains stable throughout 
tlie ]>eriod under examination. It is only under this assumption that we 


Kcm-ii 19().'); and Grubid lOllG). Other attempts to account for the persisting deviations 
eniphasizt'd tite tole of tiansaction costs (Branson 1969; Frenkel and Levich 1975), 
puhlical risk (Aliber 1973), the role of the elasticities of demand and supply iu the capital 
maikets (Praehowny 1970; and Frenkel 1973) as well as differential tax treatments 
(Levi 1977). For a survey, see Officer and Willett (1970). 

■* This formulation assumes that the various exchange rates reflect a direct exchange 
of one currency for another. In practice, many exchanges between two convertible 
currencies may use another vehicle currency as an intermediary. Since all of the exchange 
rales in equations (5) and (5') involve cither the U.K. pound or the U.S. dollar (both 
being vehicle currencies) tt seems that the assumption of a direct exchange is satisfied. 
It should be noted that our method may not be generalized for cases which do not involve 
vehicle currencies since not all exchange rates will reflect meaningful direct quotations. 
Wc arc indebted to an anonymous referee for raising this issue. 
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Flo. 1.—Weekly observations of the ratio of 90-day forward to spot exchange rates 


can interpret smaller deviations from triangular arbitrage as being within 
a neutral band such that the cost of transaction exceeds arbitrage profits. 
Therefore, it is necessary to identify periods during which market con¬ 
ditions were approximately homogeneous. In identifying such periods we 
follow the suggestion of Learner and Stern (1972) and inspect the ratio of 
the forward to the spot exchange rates for various currencies. A forward 
rate lying outside the support limits may indicate (under a regime of 
pegged exchange rates) pressures reflecting lack of confidence in the 
government’s ability to maintain the peg. When the exchange rate is 
flexible, there is no obligation to maintain a specific rate; in this case 
periods may be classified according to the degree of volatility of the ratio 
of the forward to the spot exchange rate. 

In figure 1 we plot the ratio of the 90-day forward to the spot exc hange 
rates lor two pairs of currencies: the mark-dollar and the pound-dollar 
rates. As is evident, several periods emerge: (i) 1962-67, which we 
identify as the tranquil peg; (ii) 1968-69, which we identify as the 
turbulent peg; and (iii) 1973-75, the managed float. We chose not to 
analyze the period January 1970 June 1973 which marks the breakdown 
of the pegged rate system and the transition towards the current regime. 
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As can be seen from figure I the various peaks and troughs correspond to 
the major crises in the international financial markets. * To further explore 
the relative homogeneity of the three periods, we have examined the 
deviations from triangular arbitrage; while these deviations differ 
markedly among periods, their structure is relatively stable within each 
period. Accordingly, we have concluded that there are three distinct 
periods for which we need to estimate the cost of transactions in the 
market for foreign exchange. 

To estimate the cost of transactions we have analyzed the series of 
weekly observations of the spot and the 90-day forward exchange rates.*’ 
Using these observations we have computed for each period two series of 
weekly percentage deviations from the triangular arbitrage of equation (5) 
for the spot and the forward rates. The upper limits of these scries of 
deviations correspond to and /f, respectively— the cost of tramsactions 
in the spot and the forward markets. To allow for errors in measurement 
and other data inaccuracies, wc have taken a more conservative measure: 
our estimates of tg and 1^ for the various periods are the percentage 
deviation which bounds 95 percent of the weekly deviations from 
triangular arbitrage. 

The indirect exchange between the U.S. dollar and the U.K. pound 
in equation (5) was assumed to ocettr through the Clerman mark. In 
principle, other currencies could be used as intermediaries. It is expected 
that competition will assure that the cost of transacting will tend to be 
equalized among leading vehicle currencies. To allow, however, for 
possible differences in transaction costs as a function of the intermediate 
currency, we have also computed the cost for the case in which the 
(Canadian dollar ($U) replaces the German mark as the vehicle of arbitrage 
as in equation (5') 

W£)r = '■/£),. (S') 

The various estimates of the cost of transactions in the market for 
foreign exchange are summarized in table 1. As can be seen, these estimates 
differ significantly among the different periods under consideration while 
within each period the estinmlcs show much less variation with respect to 
the choice of the intermediate currency. 

The changes in the cost of transactions are also related to the pattern 
that is depicted in figure 1. The British devaluation in November 1967 
signified the start of the turbulent period which manifested itself in lack 
of confidence and increased uncertainty. In the face of these developments 

^ A more compreheasive Crisi.s Index which provides for a similar classification is 
developed by Stokes (1972). 

* All data .sources used in this paper arc outlined in the Appendix. 

For a related discussion on the role of the cost of transactions in the determination 
of vehicle currencies, sec Swoboda (1969). 
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TABLE 1 

Estimates of the Percentage Cost of Transactions 
IN THE Market for Foreign Exchange 
(Spot and 90-Day Forward) 


Period and Arbitrage Intermediate 

between Securities Currency ty 4 - ty 


Jan. 1962 Nov. 1967: 

SUSand/, . DM .051 .076 .127 

SUSand/:. $C .0,58 .068 .126 

Jan. 1968-Dcc. 1969; 

$US and. DM .102 .U'>0 .262 

SUSand/, . $C .08.5 .112 .197 

July 1973-May 1975; 

$USand/' . DM .523 .507 1.030 

SUS and . $C .438 .442 .920 


dealers require a larger compensation for carrying inventory of various 
currencies and for standing ready to take inimediatc positions. 

In the most recent managed float period, the cost of transactions in 
foreign exchange has risen to unprecedented heights. Depending on the 
currency and on the maturity of the contract, the cost of transaciions 
during the period is between six to 10 times higher than the corresponding 
cost during the tranquil peg.® 

It should be emphasized, however, that these developments need not 
be interpreted as a necessary characteristic of the flexible exchange rate 
regime. They may have been just coincidental to the liming of the 
system’s evolution into the current regime or they may have reflected the 
friction associated with the transition toward and the familiarization with 
a new exchange rate system. There is, however, ti presumption that ask- 
hid spreads, which arc components of the cost of transactions, are higher 
during periods of uncertainty. Volatility of price scries may imply that 
price changes contain new information. Dealers, wishing to protect them¬ 
selves against the suiierior information that may be possessed by several 
traders, will quote a wider ask-bid spread and thereby laisc the cost ol 
transactions. Indceil, evidence on the early float indie,ites the close link 
between the extent of uncertainty and the ask-bid spread.” In addition, 

” As we mentioned before, we define the manaxeel lloat peimd as ol July 1973 rather 
than March ltl73 (when the U.S. dollar was dev.dued) to allow lor ,i tiansjtion period 

’’Using daily observations on the ask-btd spread for various fninneies during the 
early float in 1971, Fieleke (1975) found a close link between the spieatl .iiitl some 
proxies for the extent of uncertainty. Our appioarh to the estiniation ol the cost ol 
transactions in the market for foreign exchange dilfeis in that we do not inleipret the size 
of the daily deviation from triangular arbitiage as the daily cost. Railn r, we jtrel'i 1 to 
provide an estimate for a longer period that is mote or less hointtgeiieous. f nrther e\ idente 
of the pattern displayed by the ask-bid spread is prosidrd in .Ahber (197‘il, .Mct.oriiiiek 
(1975), and McKinnon (1976). An inleresliiig theorelieal analysis on the relationship 
between uncertainty and the ask-btd spread is contained in Allen (1977). 
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TABLE 2 

Estimates of the Percentaoe Cost op Transactions 
IN THE Markets for 90-Day Securities 


U.S. Treasury Euro $ rate Euro £ rate 


Period Bills —t / (External) i* (External) 


Jan. 1962-Nov. 1967 . .OOO.I N.A. N.A. 

Jan. 19G8-Dec. 1969 . .0132 .0381 .1172 

July 1973-May 1973 . .0299 .0381 .1175 


if transaction costs include fixed components, the average eost of trans¬ 
action is inversely related to the size of transactions. To the extent that 
the rise in uncertainty reduced the average size of transactions, it may 
have contributed to the higher cost. 

The second class of transactions required for covered interest arbitrage 
involve the security markets. We adopt Demsetz’s (1968) estimate accord¬ 
ing to which total costs are about 2.5 times the ask-bid spread. Since the 
ask-bid spread corresponds to the cost of two transactions (a round trip), 
our estimate of the cost of a single transaction is 1.25 times the ask-bid 
spread. 

In the next section we explore the role of transaction costs on the 
cdicacy of covered interest arbitrage among various groups of securities. 
One group comprises traditional pairs of securities: the U.S.-U.K. 
Treasury bills and the U.S.-Canadian Treasury bills. 'J'he second group 
comprises external pairs of securities, for example, securities that are 
issuetl in the Euro-market.Since we did not have a uniform source of 
infonnalion on the spreads in the Euro-currency markets for the period 
as a whole, we report estimates only for the latter two periods. The modal 
values of these costs for the various periods are reported in table 2. As can 
be seen from table 2, the cost of transactions in the U.S. Treasury bills 
increased over the period under examination, while the cost in the Euro- 
ilollar market remained stable as between the last two periods. The cost 
in the thinnest market - the Eiiro-stcrling market —exceeded the corre- 
s]K)nding cost in the other markets. 

III. Interest Arbitrage and Transaction Costs: 

Empirical Aspects for Tranquil and Turbulent Periods 

In this section, we use the formulae developed in Section I together with 
the estimates of the cost of transactions to examine their quantitative 

‘*^Aliber (1973) has argued that the traditional pair dors not always satisfy the 
comparability criterion since Treasury bills are issued in financial centers that may 
differ in political risks. In that respect the Euro-market securities arc more comparable 
since both are issued in an external center. There is some evidence that banks use the 
Euro-currency interest rates in making their quotations of the forward exchange rate. 
To this extent the interest parity relation in the Euro-market will be extremely robust. 
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TABLE 3 

Transaction Costs and Neutral Band for 90-Day Covered Arbitrage 


Observations Bounded within 


Period and Arbitrage 
BETWEEN Securities 

Intermediate 
Currency for 

Neutral Band (% ) 

Traditional Pair External Pair 

tj AND/r 

n 

n' 

n 

O' 

Jan. 1962-Nov. 1967: 

$US and . 

DM 

87.0 

82.4 

99.7 

99.3 

$US and T. 

$c 

87.0 

82.1 

99.7 

99.3 

$US and $C . 

$c 

87.6 

82.1 

N.A. 

N.A. 

Jan. 1968-Dec. 1969: 

$US and ,C . 

DM 

36.9 

35.0 

97.1 

87.4 

$US and . 

$G 

33.0 

30.1 

94.2 

69.9 

$US and $C . 

$C 

67.0 

63.1 

N.A. 

N.A. 

July 1973-May 1975: 

$US and . 

DM 

89.7 

87.6 

100.0 

99.0 

$US and £ . 

$G 

84.5 

81.4 

99.0 

99.0 

$LIS and $C. 

$C 

100.0 

99.0 

100.0 

100.0 


impact on the operation of covered interest arbitrage. Of special interest 
is the comparison of the efficacy of covered interest arbitrage—when 
allowance Is made for the cost of transactions—in exploiting profit 
opportunities during the specified periods. 

The traditional pairs are analyzed by examining weekly data on 
arbitrage of 90-day U.S. and U.K. Treasury bills as well as between the 
90-day U.S. and Canadian bills. The external pair is analyzed by examin¬ 
ing weekly data on arbitrage between 90-day Euro-dollar and Euro- 
sterling securities.” 

The neutral band around the interest parity line was computed by 
using the various estimates of the cost of tran.sactions in foreign exchange—• 
tg and tf —and the modal estimates of the cost of transactions in 
securities —t and t*. 

The fraction of the observations bound within the neutral band 
generated by the cost of transactions during the various periods is reported 
in table 3. The computations were made for the traditional as well as the 
external pairs of securities using the alternative estimates of the cost from 
tables 1 and 2. In computing the neutral band, arbitragers were assumed 
to start from two alternative initial positions: first, where the initial 
position is in securities so that the cost corresponds to f2, and second, 
where the initial position is in cash so that the cost corresponds to fi, and 
the latter case is reported in table 3 under the column headed by Q . 

^ ^ As was emphasized in Frenkel and Levich (197.3), to conform to the 90-day 1 -period 
model, we have transformed the annualized data back into their 90-day counterparts by 
dividing the published premia and interest rates by four. The need for such a transforma¬ 
tion was emphasized by Goschen (1864, pp. 193-243). The following empirical analysis 
is based on the transformed data. 
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Due to lack of data on external Canadian interest rates, a similar analysis 
could not be applied to arbitrage between U.S. and Canadian yields in 
the external market. 

Table 3 reveals that the cost of transactions played a very similar and 
significant role during the tranquil peg (1962-67) and the managed float 
(1973-75) periods. In both of these periods the cost of transactions 
accounted for a similar fraction of the apparent profit opportunities 
implied by deviations from the interest parity condition. This result is 
striking in view of the vast differences in the estimates of the cost of 
transactions during these two periods. Within each of these periods the 
proportion of the deviations from the U.S.-U.K. parity line explained by 
the cost of transactions is similar to the proportion of the deviations from 
the U.S.-Canada parity line explained by these costs. 'I'hus, during these 
two periods the role played by transaction costs in accounting for devia¬ 
tions from the interest parity line was almost invariant with respect to the 
arbitraged assets. The observation that similar fractions of the deviations 
from parity are explained by the cost of transactions leads to a conclusion 
that, in spite of the large difl'ercnces in the estimates of the cost, there has 
been no fundamental structural change concerning the relative role of 
the cost of transactions. This result is of some interest in view of the basic 
changes tliat took place in the international financial system as well as in 
the exchange rate regime between 1962- 67 and 1973 75. 

The intermediate period of the turbulent peg during 1968 69 seems to 
difi'er fundamentally. During that period the cost of transactions accounts 
for a much smaller proportion of the deviations from the parity. More¬ 
over, the fraction of the deviations that is explained by transaction costs 
differs between the pairs of the arbitraged a.sscts. However, when we 
consider the deviations from parity of a different ])air of securities—the 
external pair altnost all of the deviations arc accotmted for. It thus 
seems that unlike the periods 1962 67 and 1973 75, the traditional pairs 
of securities were not cotnparabic during the period 1968 69. The turbu¬ 
lent period of 1968 69 was charaeterized by financial uncertainly, a 
reduced cooperation ainohg central banks, and related phenomena which 
comprise the concept of “political risk."’’^ Much of these elements of 
incomparabilily is removed when the arbitrage is within the Kuro- 


Viewing dir period 181)8-69 as a turbulent s|)rculativc period suggc.sts that, on 
theoretical grounds, the exact parity condition need not hold even when due account is 
given to the cost ol transactions (Tsiang 1959; and Kenen 196.5}, In addition to the co.st 
of ti'ansaclions the width of the neutral band around the interest parity line depends on 
the size of the elasticities ol the demand and supply in the capital markets and in the 
foreign exchange markets. The lower the elasticities, the wider beronics the neutral band. 
In Frenkel and Levich (1975) wc have developed the formulae which take account of the 
possibility that the various elasticities are finite. Applying these formulae to the various 
periods revealed that, given the cost of transactioms, the implied elasticities weie very 
high (reaching at least the value of 100) even during the period 1968-69. 
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currency market. What remains to be seen, however, is whether the 
observed deviations from parity (after allowance for transaction costs) 
imply some sort of market imperfections in the sense of unexploited profit 
opportunities; this issue is analyzed in the following section. 

The comparison of the various periods also suggests that, for the study 
of covered interest arbitrage, periods should be cla.5sified by the extent of 
turbulence, speculative pressures, and the like rather than by the legal 
arrangement of the exchange rate regime (e g., pegged or flexible ex¬ 
change rate systems). We will return to examine this implication in 
Section V. 


IV. Unexploited Profits and a Simple Trading Rule 

The previous analysis suggests that a significant fraction of the deviations 
from parity is accounted for by allowing for cost of transactions. Since the 
remaining observations (most abundant during the period 1968 69) 
indicate the possibility of unexploitcd profit opportunities, a closer 
examination of this phenomenon might be useful. 

To explore the possibility of exploiting the apparent profit opportunities 
we have examined the implications of an exftcmely sim|jlc tratling rule: 
investors receive information at period /, and whenever there is a possi¬ 
bility of a profit opportunity (after allowing for transaetions rost) a 
transaction is executed at period t -t- 1 (at the prices prevailing at 
t + 1).'^ Table 4 summarizes the implications of such a simple trading 
rule for the alternative measures of the cost of transactions and fur tlie 
alternative a.ssurnptions concerning the initial positions of arbitragers. 
If investors were able to transact in quoted prices at period t, there would 
be N profit opportunities. The implied mean percentage profit is indicated 
in the corresponding entry with a t-statistic in parentheses below the mean. 
For example, during the tranquil period 1962 67 the mean percentage 
profit would have been about 0.05 percent, while during 197.5 75 it 
would have been about 0..5 percent. However, when actual transactions 
are executed at period t -P 1, some of the profit opportunities turn out to 
be illttsory, and the mean pcrccnt.agc profits arc reduced to about 0.04 
percent during 1962-67 and to about 0.1 percent during 197.5-75. Ihe 
turbulent period 1968 69 proves again to be somewhat of an exception. 
During that period the number of apparent profit opportunities as well 
as the mean rate of profit are high, and the simple trading rule still leaves 
relatively high and statistically significant profits. However, as argued 
before, during that period the traditional pairs of securities do not .seem 

The lag between the receipt of information and the aitual execution ot arbitiage 
transactions may be rationalized in terms of the technology of mforniaUori gathering and 
processing. For the distinction between ex ante and ex post piotils. see I'renkel and Levieh 

(1975). 
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TABLE 4 

Mean Percentaoe pROpm of a SmpLE Trading Rule 
(Traditional Pair) 


Period and 

Intermediate 
Currency for 

AT 

1 

(Mean 

t 

Profit) 

t + 1 

(Mean Profit) 

Securities 

ts AND If 

a 

a ' 

D 

ft' 

ft 

ft' 

Ian. 1962-Nov. 1967; 

$US and . 

DM 

40 

.34 

.055 

(7.2) 

,058 

(8.4) 

.038 

(3.7) 

.045 

(5.4) 

$US and £ . 

$C 

40 

55 

.056 

(7.3) 

.058 

(8.4) 

.039 

(3.8) 

.044 

(5,4) 

$US and $C . 

$C 

38 

55 

.058 

(7.8) 

.058 

(8.7) 

.046 

(3.8) 

.041 

(4.2) 

Jan. 196&-iDec. J9G9: 

$US and . 

DM 

6.3 

67 

.577 

(9.6) 

.585 

(9.8) 

..540 

(8.3) 

.550 

(8.6) 

$US and £ . 

$C 

69 

72 

.606 

(10.2) 

.607 

(10.4) 

.572 

(9.1) 

.586 

(9.4) 

$US and $C . 

$C 

34 

38 

.107 

(6.8) 

.120 

(7.9) 

.086 

(4.1) 

.102 

(5.2) 

July 1973-May 197,'): 

$US and ^ . 

DM 

10 

12 

.261 

(4.3) 

.272 

(4.6) 

.076 

(.8) 

.097 

(I.I) 

$US and £ . 

$C 

1.3 

IB 

.304 

(5.1) 

.306 

(5.3) 

.115 

(1.2) 

.187 

(2.0) 

Jan. 1908-l)ec. 1909 
(external pair): 

SUS and £ . 

DM 

3 

13 

.310 

(4,1) 

.1.54 

(3.2) 

-.319 

(6.4) 

-.210 

(2.7) 

$US and £ . 

$C 

6 

31 

.193 

(2.2) 

.104 

(3.9) 

-.357 

(3.08) 

-.055 

(1.5) 


Notk —/-stalisiic in |».ir<*nlhcscs 


to be comparable, and thus they do not seem to be appropriate for the 
analysis of covered interest arbitrage. Indeed, when the same computation 
is applied to the external pair of securities (sec the lower panel of table 4), 
the positive and significant mean percentage profit that would have been 
implied if transactions could be executed at t turn out to entail significant 
losses under the simple trading rule.'"* 


V. A Time-Series Approach 

One of the themes of discussion in Section III was a comparison among 
the various periods. The implication of that comparison was that it might 

' * While the above results illustrate the relevance of distinguishing between the ex-ante 
anti cx-post concepts of profit opportunities and the possible implications of a simple 
trading rule, they should be viewed with caution. A conclusive test of the trading rule 
requires much more refined data than used in the present computation. Ideally, the 
difference between t and t + 1 should corrcsjxind to consecutive transactions or at most 
to daily data. Since the results of tabic 4 are based on weekly data, they should be viewed 
only as illustrative. 
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TABLE 5 


Time-Series Models for Spot Exchange in Three Periods 


Time Period and 
Country 

Moving Averaoe Coefficients 

0. Oj fl, lO-’ffi 

Q 

W 

2 In A 
(t) 

1962-67 (TV = 306): 







England. 

-.06 

-.06 

-.11 

.021 

22.8 

1.46 


(1.0) 

(I.l) 

(1.9) 


(21) 

(3) 

Germany. 

-.10 

-.14 


.050 

17.2 

6.08* 


(1.6) 

(2.3) 



(22) 

(2) 

Canada. 

-.10 

-.17 


.334 

12.4 

9.92* 


(1.6) 

(3.1) 



(22) 

(2) 

1968-69 (TV = 99): 







England. 

-.10 

-.07 

+ .15 

.167 

16.2 

1.18 


(.0) 

(•7) 

(1.5) 


(21) 

(3) 

(icrmany. 

-.10 



3.420 

f>.y 

-2.05 


(.9) 




(23) 

(1) 

Canada. 

+ .14 

-.10 


.123 

12 3 

1.60 


(1.4) 

(1.7) 



(22) 

(2) 

1973-75 (TV = 96); 







England. 

-.16 

+ .10 

-.40 

7.480 

10.3 

10.22* 


(l.b) 

(1.0) 

(4.1) 


(21) 

(3) 

Germany . 

+ .10 

-.47 

+ .18 

20.500 

18 4 

16.32* 


(1.0) 

(5 5) 

(2.0) 


(21) 

(3) 

Canada. 

-.10 

-.24 


,852 

18,1 

4.19** 


(1.0) 

(2.3) 



(22) 

(2) 


\r)Tf - Movine avrrauc mk-IIk irm< in the mo(l< I III (.V,/.S>V - i) * a, ~ — /Jjnt-jHith 

/-statistics in parrnthrsrs, = residual variance in series, Q = Box Ihercr lestsi.UistM for aiilix onrlation 

III rrsnUiaK thsti ilmted as vs ilh i <leKrres of l'tee<|t>m. 2 hi A =* /elhiri-Palni lest sI.ihsIk (oi sicnil'u am e 
of httccl model ai/ainst null liypothrsis that the senes is a r.indom \sa!k—distributed as u ith r deftrrrs 
of freeiinm. 

• Stxnifiiant at 5",, level 
•• Sixnilnant at 20''b l< v<-l 


be preferable to classify periods according to the degree of turbulence 
rather than the legal arrangements of the exchange rate regime. In the 
present section we pursue further the comparison among periods by 
examining the time-series processes of the various exchange rates.' 

In estimating the time-series processes we apply the Box-Jenkins time- 
series approach. U.sing the first diiferenccs of the logarithms of the various 
exchange rates, we computed the .sample autocorrelation functions so as 
to identify the models, which were then estimated. The maximum 
likelihood parameter estimates for the two lime series (the spot and the 
forward exchange rates) are reported in tables 5 and 6. As can be inferred 
from the Q-statistics, the residuals are not serially correlated (except for 
one case), and thus wc cannot reject the hypothesis that the translormalion 
reduced the observed data to white noise.'* 

A more detailed analysis of the lime-.series inodeU l.s contained in Levich 11977;. 
For a clear introduction to the applications of the appioach, .sec Nelson (1973) 

' ^ In fitting the series and deciding whether to add additumal terms sse have used the 
Zellner-Palm (1974) likelihood ratio analysis which tests objectively the hypothesis that 
additional terms reduce the residual variance. The ZcHner-Palm list siausuc is reported 
in the last columns of tables 5 and 6. 


/t 













1222 


JOURNAL OF POLITICAL ECONOMY 


TABLE 6 

Time-Serils Models eor Forward Exchange in Three Periods 


Moving Average C'oepmcients 

riML Period and-— Q 2 In ^ 

Country O2 O3 10" (^) (r) 


1962-67 (A = 306): 
England . 

On many . 

Canada. 

I96H-09 (A = 99); 
England . 

Germany. 

Canada. 

1973-75 (A = 96); 
England 

Cierniany . , . 
Canada . 


-.08 

+ .02 

-.2:) 

(1.4) 

(.4) 

(4.5) 

-.13 



(2.2) 

-.05 

-.10 


(.9) 

(2.9) 


- .0.') 

-.04 

-.05 


(•4) 

(.5) 

-.07 



(-7) 

+ .07 




-.0(1 

+ .02 

-.37 

(.0) 

(.2) 

(3.8) 

+ .0.'') 

-.40 


(•a) 

(4.r)) 


-.10 

-.22 


(1.0) 

(2.1) 



.033 

31.3* 

12.60* 

,041 

(21) 

20.3 

(3) 

4.42* 

.3.54 

(23) 

11.0 

(1) 

(1.84* 


(22) 

(2) 

1.900 

18.9 

-2.64 

3.180 

(21) 

I4.G 

(3) 

-2.20 

1.090 

(23) 

16.2 

(1) 

-0.59 


(23) 

(1) 

9.800 

19.4 

8.43* 

2,230 

(21) 

14.3 

(3) 

16.38* 

.788 

(22) 

18.2 

(2) 

3.12 


(22) 

(2) 


.Nimk I mi an rx(il.inan<>n, xm* lo table ') 
• Sigiiifit.Mit at lc\cl 


fn comparing the general characteristics of the lime-series properties 
of spot and forward rates, the first pattern to notice is that in the first and 
last periods llie random walk hypothesis is rejected at the 5 percent level 
in nine of the 12 series (as is evident from llic Zcllner-Palni test). On the 
other hand, during the turbulent peg period (1968 69) vt'C cannot reject 
tlic random walk model Ibr :iiiy of the six seric.s. 

A closer examination reveals fvirtlier similarities between the tranquil 
peg and the managed float periods. (Consider for example the pound .spot 
rale: both (he (ranquil peg and the managed float periods contain a 
slgnifuatu third moving-average term which is not significant in the 
turbulent peg period. I'liis plienoiucnon is even more striking when we 
compare the estimates for the British pound’s forward rates in table 6: 
during tltc tranquil peg the estimates of the moving-average coefficients 
arc — .08, + .02, — .2."), while during the managed float the respective 
coellicients are —.06, -t-.02, — .37, with significant third imjving-average 

' ’ .Since cxcliangc rales reflect the outcomes of eeonomie policies, we should emphasize 
that there is nothing .special in the random walk hypothesis and no inference concerning 
efficiency may be diawn from rejecting the random walk. Our purpose in this section is 
more desciiplivc with the intent of showing that the first and the third periods are similar. 
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terms.' ® The similarity in the sign and magnitude of these coeflicients for 
these two periods stands in contrast with the estimated time-series proce.ss 
for the turbulent peg which appears to follow a random walk. 

7’he Canadian exchange rate also provides an example: during the 
tranquil peg and the managed float periods the second moving-average 
coefficients are significant for both the spot and the forward rates in 
contrast with the turbulent peg period for which the exchange rates scries 
may be characterized as a random walk. The German-mark case is 
somewhat weaker although the 1962-67 and 1973-75 periods seem to 
have more in common with each other than with the 1968-69 period. 

7’o sum up, the evidence from the time-series analysis seems to be 
con.sistent with the interpretation that the tranquil peg and the managed 
float periods arc similar to each other while both differ from the turbulent 
peg period. 


VI. Concluding Remarks 

In this paper we examined the effects of transaction costs on the efficacy 
of covered interest arbitrage during three periods: 1962-67, the tranquil 
peg; 1968-69, the turbulent peg; and 1973-75, the managed float. 

Several conclusions emerge; first, the cost of executing transactions 
associated with covered interest arbitrage has risen dramatically during 
the managed float period as compared with the previous periods; second, 
in spite of the vast differences in the estimates of the cost, they played a 
similar quantitative role in accounting for deviations from parity during 
tlic tranquil peg and the managed float pcriotls. The exceptional period 
was that of the turbulent peg. This pattern is also consistent with evidence 
provided by the time-series characteristics of the various exchange rates. 
It suggests that for the purpose of analyzing covered interest arbitrage, it 
might be preferred to classify periods by the degree of turbulence rather 
than by the legal arrangement of the exchange rate regime.*’ The third 
conclusion concerns the efficacy of arbitrage in eliminating profit oppor¬ 
tunities. The data suggest that -after allowing for transaction costs and 
ensuring that the arbitraged assets are comparable—covered interest 
arbitrage does not seem to entail unexploited opportunities for profit. 

Our conclusion on the empirical validity of the interest parity relation¬ 
ship is of significance for the recently developed asset market approach to 
exchange rate determination. An important characteristic of this approach 
is the hypothesis that interest parity holds and that the speed of adjustment 


' ® The appearance of what seems to be a 3-week cycle in the British pound has also 
been recorded by Grubcl (1906) and more recently by Upson (1972) who applies a 
spectral analysis. 

For a similar classification sec Stein (1962). 
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is relatively high.^® Our paper provides evidence that is eonsistent with 
this building block of the zisset approach to the determination of exchange 
rates. 


Appendix on Data 
I. Foreign Exchange Market 

Exchange rales involving the U.S. dollar and used to display the behavior of the 
series (fig. 1) and to calculate the cost of transactions (table 1) for the period 
1962-69 arc taken from the [nternatwnal Financial Statistics (IFS), International 
Monetary Fund (IMF), Washington. These data were collected by the IMF as 
follows: the $U.S./^ rates are the closing prices in London as reported in the 
Financial Times. The $U.S./$C rates arc the noontime interbank prices in Toronto 
as reported by the Bank of Canada, and the $U..S./DM rates are the 11:00 a.m. 
Official Session Quotation of the Bundesbank in Frankfurt. Data on the latter 
period used in figure 1 are from the Weekly Review of International Money Markets, 
Harris Bank, Chicago. These data are the closing bid prices from the New York 
interbank market for the last trading day of the week. For the purpose of comput¬ 
ing transaction costs during 1973-75, data involving the $U.S. are from the 
International Monetary Market Year Book and the Daily Information Bulletin published 
by the stafi' of the International Monetary Market (IMM) of the Chicago 
Mercantile Exchange and are closing midpoints. 

The exchange rates involving the U.K. pound sterling (DM//)) and (SC//)) 
are from the Montagu Monthly Review, .Samuel Montagu and Co., Ltd., London. 
The spot rates are the midpoints of the daily range. The forward rates were 
obtained by adding the midpoints of the closing forward spreads to the estimates 
of the spot rates (described above). 

Ideally, in computing transaction costs one should allow for the fact that some 
transactions use the ask price while some use the bid price. Our use of the mid¬ 
points may introduce some noise but need not introduce a systematic bias. 
Similarly, the various exchange rates should be quotations at the same moment 
in time; since our data sources report prices that are few hours apart, an addi¬ 
tional source of noi.se is introduced. To allow for these inaccuracies, we have used 
conservative measures which bound 95 percent of the deviations from triangular 
arbitrage. 


II. Security Market 

All 3-month Treasury bill rates used in the analysis of the interest parity for the 
traditional pairs of securities for the period 1962 69 are taken from the Federal 
Reserve Bulletin, various issues. In fact, since the Federal Reserve Bulletin reports the 
latest 3-month rate, some of the rates used arc for bills that are slightly less than 
3 months by 2 or 3 days. For the period 1973-75 the data source was the Weekly 
Review of International Aloney Markets, Harris Bank, Chicago. 

The external rates used for the period 1962-69 are Euro-sterling deposits in 
Paris and Euro-dollar deposits in London: both are 3-month middle closing rates 

Sec, e.g., Frenkel (1976), Dornbusch (1976), Bilson (1978), and related papers in 
the Scandinavian Journal of Economics, vol. 78, no. 2 (May 1976). 
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taken from the Bank of England Quarterly Bulletin, various issues. For the period 
1973-75 these rates are 3-month deposits in Frankfurt taken from the Money 
Manager (New York). 

The computation of the cost of transactions in securities (table 2) is based on 
the percentage ask-bid spread. The bid price and the ask price (expressed as a 
percentage of par) were computed according to (i) bid price = 100 — (bid 
yield x days to maturity)/360; (ii) ask price = 100 — (ask yield x days to 
maturity)/360, and the percentage spread is (ask price — bid price)/ask price. 
The data on the bid yield and ask yield on U.S. Treasury bills for the period 
1962-69 arc from Salomon Brothers Monthly Bond Report, while for the later period 
they are from the Money Manager. Since 90-day Treasury bills arc not issued 
every day, for each observation date we have computed the ask-bid spread on 
the Treasury bill whose maturity was closest to 90 days. The range of maturities 
accepted was between 87 and 93 days. The ask-bid spread on the external deposits 
for the period 1973-75 were taken from the Money Manager and for the period 
1968-69 from the Bond Buyer (which in 1972 changed its name to the Money 
Manager). 

In the absence of information on ask-bid spreads on the U.K. and the Canadian 
Treasury bills, we have assumed that those arc equal to the spread on the U.S. 
bills and thus that, for the traditional pairs of securities, t = I*. .Since transaction 
costs are expected to be inversely related to the width of the market, the assump¬ 
tion that t = t* might have introduced a downward bias in the estimate of the 
cost. As indicated in the discussion of table 2, wc had no estimates for the period 
1962-67 of the cost of transactions in Euro-dollar and Euro-sterling deposits. 
In tables 3-4 for that period we have used instead the cost of transactions in the 
90-day U..S. Treasury bills. For the reason indicated above, this might have 
resulted in a conservative estimate of the cost of transactions in the external 
market for the early subperiod. 
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Money Wages, Prices, and Causality 


Y. P. Mehra 

Pennsylvuma Stale Unwerutj 


Using recently developed statistical techniques for examining the causal 
patterns between two variables within a bivariate distributed lag system, 
it ts shown that, for the U.S. historical sample period 11)54-7(1, money 
wages and consumer prices aresimtillaneotisly determined. I'his bidnec- 
tional feedback slrttcture between wages and pi ices ajtpeai s very 
strongly at the manufacturing level, though there is some evidence that 
such a structure docs hold at the industry level, loo. The sii net me of the 
causal patterns observed between industry momy wages and prices for 
this sample period is not related to the indnsny market siriicline. 


The main purpose of this paper is to report the restths ol'enipirieal tests 
for determining Ihe causal patterns between induslry money wages and 
consumer prices. It is rather intuitive tliat industry money w.ages via iheir 
eireels upon intluslry product prices may have signllicnnt eflctts upon llie 
consumer price index, ,and tlie widespread use sinre the mid 19.508 of the 
escalatory clauses in union contracts has probably also incrcasetl llie 
sensitivity of industry money wages to tlic consniiicr price index. At a 
less intiiilivc level, if money wages depend upon expeelcti prices which 
arc fonnccl rationally conditioned on the past history ol wages and jn ires, 
then we will also observe significant feedbacks between industry money 
wages and consumer prices. I'liesc considerations iherelbre suggest that 
there arc distributed lag relations between industry money wages and 
consumer prices, the exact shapes of these lag distrihutioiis being depen¬ 
dent upon the institutional characteristics of the wage-bargaining process, 
the market structure, the relative importance of the industry product 

The author wishes to thank an anonymous reh'iec ot this Journal lor many lielplul 
comments on an earlier version of this paper. 

[Journo/ of Pohltcal Eionomy, 1977, vol no. ti) 

1977 by Thr University of Chicago. All rights rcservrtl. 

1227 




1238 


JOURNAL OF POLITICAL ECONOMY 


prices in the consumption bundle, and the nature of the underlying 
expectation formation mechanism. Numerous published works* on in¬ 
dustry wage and price determination models have recognized these inter¬ 
relationships between industry money wages and prices, but no attempt 
has been made so far to test the structure of the causal patterns. ^ In fact 
there are several questions that remain to be answered. Does an increase 
in wage settlements achieved by a single industry’s bargaining units lead 
to higher consumer prices? Does an increase in inflation as measured by 
the consumer price index lead to higher industry wage settlements? Do 
the causal patterns between money wages and consumer prices observed 
at the manufacturing level carry over to the industry level? Does the in¬ 
dustry market structure have any role to play in the structure of causal 
patterns? These are the questions to which some answers are sought in 
this paper. 

Section I describes briefly the causality tests used in this paper. The 
empirical results and the associated statistical inferences are reported in 
Section II. Section III presents some tests for serial correlation and 
discusses the stability of the estimated causal patterns over the subsamples. 
Section IV contains the concluding observations. 


I. Causality Tests 

Both Granger (1969) and Sims (1972) have described the statistical 
theory that can be used to construct tests of causal patterns within a 
bivariate system, and Sargent (1976) recently has used that theory to 
test his own formulation of the natural rate hypothesis. Sargent’s work 
can be adapted to construct a version of Granger’s causality test for the 
problem in hand. Consider moving average representations of 1T| and 
CPI 


<’*■'.(0 - S - ^) + ^ af{s) < 00 , 

i = (1) 

OO 03 

CPI (/) = - ^) + 5LT, < “O 


^ This litoraturr is wfll clocunw-ntcd in Nordhaus (1972) and Gordon (1972). 

^ I’hr main rxrpption al the aggrrgatr manufacturing level is the recent work by 
Gewckc (1974). Although Geweke focuses on the relationship between money wages and 
the wholesale price index, he docs run some causality tests between the manufacturing 
money wage and CPI. Using monthly and quarterly data spanning the time period 1 
1955--I 1971, Geweke has shown that the feedback structure between manufacturing 
money wage and the consumer price index is bidirectional. But he did not study the 
causal patterns between industry money wages and the consumer prices, the main focus 
of the present paper. 
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where is the ith industry money wage, CPI is the consumer price 
index, JV is the number of industries, u’s and v’s are serially uncorrelated 
processes with mean zero and finite variances, and LT is a linear trend 
so that system (1) represents indeterminate covariance-stationary sto¬ 
chastic processes. Assume that the roots of 
00 00 

23 23 i = i,..., N 

3—0 S = 0 


lie outside the unit circle so that system (1) possesses the autoregressive 
representation of the form 


Kit) = ~s) + S,LT + u,it) 

Z' (2) 

CPI(/) = 23 CPI(i - s) + 5I.T + v(t), I = 1, 2, . . . , A. 

i— 1 

Let Qi{t) be the set of observations on CPI observed as of time t or earlier 
and Qiit) be the set of observations on the relevant industry money 
wage observed as of time t or earlier. If, in the univariate stochastic 
representation of industry money wages and consumer prices (eq. [2]), 
the innovations Ui{t) and v(t) obey 

I QK - 1)] = 0 

£[r(<) I Q^{t - 1)] = 0, ,• = 1, 2. N, 

so that the innovations in the industry money wages, u,((), i = 1,2, 

. . . , N, are statistically independent of the information contained in 
Qi(t — 1) and the innovations in the consumer price index, v{t), are 
statistically independent of the information contained in — 1), then 
taking into account the information contained in the sets Qj{t — 1) 
(i = 1, 2) does not help improve the forecasts of the relevant variables 
by more than can be made on the basis of their own lagged values. Since 
this is exactly the criterion of causality proposed in Granger (1969, 
p. 428), one has the following practical procedure based on Granger’s 
and Sargent’s works to test the causal patterns between Wj and CPI: 
using the method of least squares, estimate the linear regressions of W^it) 
and CP1(/) on lagged W^s and lagged CPIs as 


Kit) = 23 -s) + s,LT + 23 ‘iK - ") 

1 1 

m 

CPI(t) = 23 CPI(< - r) + + J2fMKit - r), 


(4) 


where tl„ S, ij, /j, Sj, S are the least-squares estimates. On the null 
hypothesis that CPI does not cause W-,, the parent parameters e^is), 
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s = Hi, equal zero. Similarly on the null hypothesis that PK, 

does not cause CPI, the parent parameters fi{s), s = 1,2,..., n,-, 
should be zero. Following Sargent, I will call this Granger’s test of 
causality. 

An alternative way of testing the causal patterns as hypothesized in 
(4) is suggested by Sims (1972). According to Sims’s test, CPI causes W, 
if, in the two-sided distributed lag relation of CPI on IF;, the leading 
values of IF, have regression coefficients significantly different from zero 
as a group, whereas IF; causes CPI if, in the two-sided distributed lag 
relation of IF; on CPI, the leading values of CPI have regression coef¬ 
ficients significantly different from zero. In particular, least-squares 
estimation yields the following form for two-sided distriliuted lag relations 
between an ith industry’s money wage and the CPI: 

tj 

W’,(0 = + E PM - ") + e.(') < = 1, 2, . . . , A’ (.5a) 

-h 

h 

cpi(/) = <5, + E + nit) /= 1,2,.... 7’ (5b) 

a- -/[ 

where /, and /j are, respectively, the length of the lag distribution on the 
leading and lagging values of the relevant independent variables and 
K;(<) and ti{l) are the error terms. On the null hypothesis that IF; does 
not cause CPI, /I;(r) = 0 for ,t < 0 in (5a). Similarly under the null 
hypothesis that CPI does not cause IF,., y,(.t) = 0 for .t < 0 in (5b). 

In this paper both Granger’s and Sims’s tests are used to e.'tamine the 
causal patterns between industry money wages and consumer prices, ff'hc 
time-series on industry money wages arc the straight-time average hourly 
earnings of the production workers at the 18 two-digit-level manufactur¬ 
ing inilustries as well as the manufticluriiig sector and the sample period 
covered is I 1954 IV 1970. The choice of the sample period is dictated 
by the consideration that wage price controls (war- or peacetime) may 
distort the true underlying relations between indtistry money wages and 
consumer prices, and hence for the investigation in hand I have chosen 
the period which I hope is free of such imposed distortions. 

Since Sims’s test retptircs estimating two-sided lag distribtitions between 
industry money wages and consumer prices and then running 7»'-tests on 
the group significance of leading values of llie, independent variables, it 
is imperative that serious attention be paid to generating an uncorrclatcd 
error structure in (5). This is so because /'-tests in general arc highly sen¬ 
sitive to the presence of autocorrelation in the residuals. Sims (1972) 
used a quasi-second-differcncing of the natural logarithms of the data 
series to reduce serial correlation in the residuals. In particular, each data 
series X{t) was replaced by In X(t) — 2k In X{t — \) + In X{t — 2) 
with the value of A = .75. One must caution against the naive applica- 
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tion of this particular filter to correct for autocorrelation in equations of 
the form (5a) and (5b). There is no reason, a priori, to expect that a linear 
filter which creates an uncorrelated error structure for a particular 
wage-price relation of the form (5a) will also generate an uncorrelated 
error structure for the same inversed wage-price relation of the form (Sb). 
Hence I have employed the following empirical procedure for the choice 
of an appropriate value for k for u.se in a second-order filler of the form 
1 - 2kL -t- k^I.\ Q < k < 1 , to create an uncorrelated error structure 
in equations (5a) and (5b) : (i) form an appropriate specification of the 
two-sided wage-price relations (including also linear trend and .sea.sonal 
dummies), use some ad hoc filter (say, k = 4 ) to prefiller the variables 
in that .specification and apply OI..S to the filtered variables to estimate 
the lag profile; (ii) given the least-squares resiiluals from step (i), evaluate 
the autoregressive properties of these residuals by running an auto¬ 
regression on these least-squares residuals; (iii) if llie autoregression 
indicates a purely uncorrelated autore,gres,sivc error structure, then the 
initial ehoiee of the ad hoc value of k was appropriate; (iv) if the auto¬ 
regression indicates the presence of some serial correlation, however, 
then change the value of A' and rcfX’at steps (i) (iii). One should repeat 
the process until a value of A’, 0 < k < I, is Ibund which generaics an 
uncorrelated autoregressive errejr strut lure as evidenced by the aulo- 
regression of the least-squares residuals. ' 

For Sims’s test, one also has to specify, a priori, the length of the lag 
distribution on the leadin.g and lagging values of the independent 
variables. In the empirical work, four leadin.g and four lagged values were 
chosen in (5). For Granger’s lest, four own la.g.getl terms anti four lagged 
terms of the variable in the .set Q were allowed. However, 1 do describe 
later how sensitiv'e the results are to this parlit ular pattern of lag trunta- 
lion. Fispecially for Sims’s test, I have considered versions of equations (5) 
with (8 past, 4 future) lags ns well as (H jiast, II fulurej la.gs to compare 
with (4 past, 4 future) lag versions of (.">). 

II. Empirical Results 

Tables 1 G report the results of performing cau.salily tests along the lines 
proposed by Sims and tirangcr for the ciuanerly data ttn the 18 industry 
money wages and the consumer price index spanning the period I 19.54- 
IV 1970. For Sims’s test, table I first reports some summary statistics 
relating to the estimation of one-sided and two-sided unrestricted lag 
distributions of the wage-price and price-wage relations for the various 
industries. Table 2 summarizes the f'-statistics pertinent for testing the 

^ This empirical pi<ic.edure has also been used in M< hra (1971)). See also \\ illi.tni.s, 
fioodhart, and Ciowland (1976). 
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TABLE 2 

F-Statistics on Future Coefficients 


Industry 

FI 

(4,44)* 

F2 

(4,44)* 

F3 

(4,36)- 

F4 

(4,30)* 

F5 

(8,28)* 

F6 

(8,28)* 

Tobacco . 

... O.IO- 

10.21** 

2.61'** 

9.22** 

2.73“** 

17.09** 

Textile. 

... o.eg" 

0.82 

0.70“ 

1.60 

0.08“ 

0.40 

Apparel. 

. . . 8.9fi*- 

1.00 

4.72** 

2.68** 

2.52** 

2.30** 

Leather. 

... 9.20-- 

1.78 

4,49* • 

4.33»* 

3.19** 

3.86** 

Lumber. 

... 5.14*- 

2.20 

1.46 

4.67** 

1.03 

3,84** 

Furniture. 

... Lai" 

3.30** 

0.54“ 

5.09** 

O-B?" 

2.28** 

Paper . 

. . . 3.03*- 

9.83** 

0.,58“ 

6..55** 

1.56 

5.28** 

Cihemicahs. 

... 3.51-* 

12.84** 

2.31“* 

7.06** 

1.59 

.5.22** 

Petroleum. 

.. . 3.05>'*- 

18.40** 

3.15“** 

21.91** 

2.50“** 

14.33** 

Rubber . 

... 1.24“ 

5.93** 

1.41“ 

7.82** 

2.00“* 

6.79** 

Food. 

... 2.42- 

10.08** 

0.81 

8.83** 

1,28 

5.42** 

Fab. met. 

... 2.44- 

24.1.''.** 

0.79 

10.5!** 

1.29 

4.15** 

Mach. 

... 3.13** 

14.70** 

0.46 

4.07** 

0.43 

2,.5.5** 

Elec, mach. 

... 1.02“ 

10.3** 

1.24“ 

11.91** 

1.75“ 

9.43* • 

Trans. 

... 2.10* 

8.5** 

0.53 

8.06** 

0.95 

5.46** 

Inst. 

2.02* 

13.37** 

0.45 

0.20* ♦ 

0.89 

2.53** 

Stone . 

... 4.39‘*** 

9.96** 

1.19“ 

7.05** 

1.99“ 

12,25** 

Prim, met. 

... 2.40* 

12.02** 

1.10 

17.22** 

1.62 

10.98** 

Manu. 

... 1.74 

4.23** 

3.18** 

4.10** 

1 ..52 

4.15** 

Given eq. (B) (tab'*' F' 

as a group and /•*2 la a lest of • : * 

(tabir 1): F3 13 a lest <'f (he 

, 1 W e.f ^ 

..tl « 

.1 * r 


“nts are zero 
in pq (D) 
e index arc 


rrro in M"' •« f {CPI. <1 Past, ^ . •. • • ■ • on wages 

urc 7rro in a relation (-PI ® /" (IV. 8 Past. 4 I'liture); F5 is a test of the iujII hypothesis that the eighi futures 
on CI’I are zero in ly * /{CPI, 8 Past, ft Future), whereas AC is for the futures on w.-vges in the revened 
CIPI = / (W', ft Past, 8 Future). All regiessions alw'ays included a rotiMant, three seasonal dununies, and a 
linear trend For ea< h regression, a search fot appropriate k In the filter (I — kl,)^ was made to create 
uncorrelated eiror structure (see also text section on serial correlation) except the ones noted above where a 
direct estimate of the serial correlation was made and a fourth-order autocorrcction was made All regressions 
cover (he s,amide perioil 1954"70. 

• Degrees of freedom. 

Those f’ "s are distributed as (4.42). 

These F’s .ire distributed as (4,34). 

^ These F’s are distt ibuted as (8,26). The equations underlying tliese F’s use fourth-order autocorrcction. 

• Significant at level. 

•* Significant at 5% level. 


null hypothesis that the coefficients on the future values of the right-hand- 
side variable are zero, that is, the null hypothesis that the left-hand-side 
variable does not cause the right-hand-side variable (F’s in table 2). 
Tables 3 -5 summarize the shapes of the estimated lag profiles for all the 
Industries as well as the manufacturing sector. Table 6 reports the F-tests 
pertinent for (Iranger causality tests on industry wages and consumer 
prices, that is, F-tests whether «,(j) and/,(t) in (4) are zero. These statistical 
results are consistent with the following main conclusions. 

First, with respect to the i.ssuc of the causal influences from industry 
wages to consumer prices, wc may note that, in the distributed lag relation 
of industry money wages on consumer prices, the four future values of 
consumer prices are not significant for 10 out of 18 industries at the con¬ 
ventional 5 percent levels of significance (sec FI in table 2). As one allows 
for a little more generous lag distribution on the past and the future 
values of the consumer price, the F’s on the future values of the consumer 
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le unrestricted generalized least-squares estimates of the iwo-sided lag distributions of the industry wage-consumer price relations (eqq B in table 1}. 
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TABLE 5 

Estimated Lag Profiles for the Manufacturing Sector 


Fag in Q^uartirs 

Eq. (1): 

H' on CPI 

Eq. (2); 

IV on CPI 
with Future 

Eq.(3): 
CPI on fV 

Eq. (4): 
CPI on IP 
with Future 

-4. 


-.005 


.170 

-3. 


.273 


,115 

-■J . 


.048 


.117 

- 1 . 


.252 


.244 

0 . 

.i7f. 

-.346 

.0.51 

- .046 

1. 

.(.72 

.433 

.446 

.203 

9 

.114 

.083 

.366 

.043 

3 . 

-.197 

- .095 

.410 

.235 

4. 

.347 

.271 

.240 

.116 

5. 

-.178 

-.091 

.024 

.029 

(i . 

-.281 

-.186 

-.177 

-.040 

7. 

.000 

.218 

-.183 

.004 

H. 

.414 

.279 

-.195 

-.116 

.si;K/ioo.n. 

.327 

.297 

269 

.235 

Standard Error of Coeffiiicnts 

Lajg<'st. 

.213 

.223 

.111 

.123 

.Siii:ill(',st. 

• IWi 

.180 

.093 

,092 

i . 

35 

.35 

.,51) 

.50 


iVoiL' - ,uf' (l>c > sliin.ilrJ lai{ proiilcs ot pi kc Vk.iC'' relations for tlio maiiurat (tjnnif 

M'< (<ii vsidi (11 I'.i't, 4 i'lidiM ) vorMoiis All iri'icssioiis itiiiiKiiMl, in .'xklidon 10 a ( oiisiatit. three seabOiial 
(iiinijiiic'i ati<l a lineai ik'ikI SraMiii.il iluiiiiiiio wcir ui'iifjiMlK ant (the ihita um-(J wrir acasunnlly aUjU'ilrd) 
li\il iho>ily siKtula ant. 


prices remain slatislically insignilieanl at the conventional level for the 
majority ol'thc imlustries (see F'S and F5 in table 2). On the basis of these 
insignilieant /• "s one is tempted to conclude that a change in an industry 
money wage does not cause changes in the consumer prices. However, in 
llie case of Sims’s lest, the ab.solutc size ol'the eoefbeients on the future 
values ol the independent variable is also quite important.A careful 
look at the estimated lag prohles reported in tabic 3 clearly reveals some 
vei )- large corllicicnls on the future values of (iPI in many indu.stry wage- 
price relations. This pattern does not change even if we allow a more 
generous length of the lag distribution on past and future values of flPI.’ 
'I bis does not allow us to accept strongly llie null hypothesis that there 
arc no feedbacks froiti intlustry money wages to consumer prices.” 


■* As Sirns (1972, p. r)ir>) wril<'s, “One should bear in mind lhal the* absolute size of the 
coefficients is iiiiportant regaidless i»f the F value. . . If the estimated coefficients on 
future values are as large or larger than those on past value.s, bidirectional causality may 
be vei y inipoitant in piartice, despite iiisigntficant 

* The eslunated lag profiles associated with F3 and F5 m table 2 arc not presented to 
conserve space. 

^ A look at the i.slimated lag profiles (table 3) of wage-price relations in many industries 
clearly indicaU s that the shape of the lag distribution on future as well as on past values 
of CPI is not well determined. This iiidicales that there remains severe multicolUncarily 
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TABLE 6 

CJranoer’s Test of Causality 


Industry 

FA (4-,51)’ 

FB (4,51)* 

Tobacco . 

0.39 

7.0** 

Textile . 

6.2** 

1.2 

Apparel . 

5.5** 

0.4 

Leather . 

16.9*** 

0.9 

Lumber . 

9.7*** 

0.5 

Furniture . 

7.7*** 

6.6»* 

Paper . 

3.5** 

3.9»* 

Cahemicals . 

2.1* 

8.6^* 

Petroleum . 

2.4* 

2.9** 

Rubber . 

2.2* 

4.7** 

Food . 

2.0* 

7.2** 

Fab. met . 

3.7** 

8.2** 

Machinery . 

2.5* 

5.1** 

Elec, mach . 

1.2 

4.9** 

Transport . 

J.« 

4.4** 

Inst . 

1.3 

.5.1** 

Slone . 

4.2** 

7.6** 

Prime, met . 

1.5 

4.9** 

Manu . 

5.6** 

5.5** 

Noie,~ f'A IS IX lest of tlif null ‘ 

' • ■ * f 

. ■ • ’ %' (A) 

Riven l)elow nre ?cri) und Ffl is a 

. • • . 1 •• . • • 

. ' . ..4 

m equdUuus like (li) Riven lidow 

.... - • • s I S . . • . 

», Lr 

IS linear trend All rrtfressions which includnl three seasonal <!ummies in adfhtion lo a constant were fitted 

tu the period 1954 70. 'I'hc undcilytiiK equations are 


CPKO = 5^ (p.Ul'Ki - 

,) +dtr + 2/•,(.) w.ci — i), 

. N (A) 

4 

4 


W,u) = Y. - 

i) + $iLT + ^ «*jaCPI(t — r). 

»* 1 

(B) 


" nffitors officc<lt)tn 

^ 'lliesc A’s aic (fntt ihuicil as (2.r)j) smoc for thcsr indtistries f«mr own Jiit^erd values of ctrafrd 
nuilttcollineanty. Hcncr wc (.(insulercd two own Ing^ted values and two laKRCcl values ol ilie causal variable 
in e<m, (A) 

• Signilu ant at 10";,, 

•• SiBiiituaiK at 5% 


A similar weaker conclusion about the presence ol’ feedbacks from in¬ 
dustry money wages (o consumer prices is also indicated by the results 
of (granger’s causality test reported in table 6 . For example, hA in table 6 
is a test of the null hypothesis tliat the lagged values of the industry money 
wages do not improve the forecast of the tlPI by more than can be made 
on the basis of the lagged CiPIs, and we fail to reject the null hypothesis 
for 10 out of 18 industries. For these industries, we accept at 5 percent 
the hypothesis that industry wage changes do not cause changes in the 


in ihr wage-price relations in spite of the correction for serial coj relation. One may use 
this argument to explain insignificant and larger coeHicienls on future values and 
conclude that there are in fact signiHcant feedbacks frotti wages lo nvl dctectcil due 
to multicollinearity in the CPJ series. The problem with this argument is that it itself 
reduces one’s confidence m the absolute size of the coefTicients and hence in any inference 
derived from looking at the size of the eoefTicicnts only. This follows from the fact that, 
even though the estimators arc uribias<*d in the presence of inullicollmearily, Ibr a given 
sample the estimated coefficienls may be far from the true mean value. 
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consumer prices in Granger’s sense. At a lower confidence level, the list 
is reduced to five industries, that is, the null hypothesis of no feedbacks 
from industry money wages to CPI is accepted at the 10 percent sig¬ 
nificance level for only five industries.’ 

Second, we may note that in the distributed lag relation of the con¬ 
sumer price index on the industry money wages, the four future values 
of the industry money wages are significant as a group (see F2 in table 2) 
for the majority of the industries. There appear some larger coefficients on 
the future values of the industry money wages in the various price-wage 
relations (sec estimated lag profiles in table 4). These /'-values as well 
as the size of the distributed lag coefficients on the future values of industry 
money wages clearly imply that the interperiod lag distributed coef¬ 
ficients of the industry money wages are dominated by a consistent 
pattern of influence from the consumer price index and hence arc consis¬ 
tent with the inference that the consumer price index causes changes in 
the industry wages. 

It is also clear from table 2 (see F4, /'’(>) that the above conclusion is 
not sensitive to the truncation of the lag distribution at the four tiuartcrs. 
In fact three industries (apparel, leather, and lumiter) which do not seem 
to indicate feedbacks from the consumer price index to ituhislry money 
wages do show sucli feedbacks if we allow a little more generous lag 
distribution on the past and the future values of the money wages 
(compare /''2 with /‘’4 and F6 for these industries in tabic 2). 

A similar concliisioit is tilso indicated by Granger's test. In table 6 FF 
is a test of the null hypothesis that the lagged values of the consumer 
price index do not improve the forecast of the industry money wages by 
more than can be made on the basis of the lagged industry wages alone. 
For the majority of the Industries, we can never accept the null hypothesis 
and this is consistent with the inference that an increase in the consumer 
price index causes changes in the industry money wages by Granger’s 
test, too. 

I'hird, the prcviotis two inferences then imply that one cannot accept 
very strongly the existence of unidirectional causal ordering from con¬ 
sumer prices to industry money wages, an a.ssumption implicit in most of 
the inchistry money wage determination models. There is some evidence 

^ In iniplfinmling (ir.ingfr’s lest, I specified four own lagged terms upon which a 
variable was permitted to depcTid and lour lagged UT'ms of the caudal \ arlablc in the CPI- 
wage relations. Attempts to introduce more than four own lagged terms failed, as severe 
multicolhnearity occurred, and it was not possible to get atiy estimates. So we don’t know 
how' sensitive our results are to specifying only four ow'n lagged terms. The necessity to 
check the results by introducing more than lour own lagged terms arises from the pos¬ 
sibility that the variable in question may possess an autoregiession of infinite order. I'his 
could re.sult if the \anable follows a mixed moving-average autoregressive stochastic 
process. This kind of misspecification could result in an erroneous rejection of the hypoth¬ 
esis of exogeneity. For more on this sec Feigeand Pearce (1970) and Sargent (1976). 
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that there are feedbacks in Ijoth directions between industry money wages 
and consumer prices. 

fourth, in contrast to rather weak evidence in favor of a bidirectional 
feedback structure at the industry level, the evidence is conclusive that 
the feedback structure at the aggregate manufacturing level is bidirec¬ 
tional. This is the inlerence consistent with both Sims’s and Granger's 
causality tests, for .Sims’s lest, the /'-values presented in table 2 and the 
estimated lag profiles presented in tables 3 h elearlv indicate a feedback 
structure which is Ihdirectional. 'I'he /'"s presented for Granger’s test in 
table 6 also indicate tlte same conclusion. 

The above empirical results on the causal structure between industry 
money wages and consumer prices raise some interesting questions, first, 
is the causal structure obscrveil at the industry level in any way lelated 
u) the industry market structure? Second, does the causal structure de¬ 
rived from tlie icduced form relations of industry money wages help 
identify some “structures” consistent with these empirical findings? 

The answer to the first cpiestion seems to be no. The finding (hat a 
rise in the consumer price inde.K leads to higher subsequent rates of 
industry money wages is true for two-digit level industries irrespective of 
their market structure. .Similarly, the ssf.ik tendency to show feedbacks 
ficim industry money wages to consittiier prices seems to hold for 
industries that cover a wide spectrttin of in.irkel .striittiire,* ** 

The answer to the second rpiestion is yes. If one tissiunes that the 
participants in the labor market lake nominal prices as gisen and the 
wage relation reflects the fact that wages cannot atljitst to kdwr market 
conditions instantaneously, one can write ;i siuip!i' version of a calch-up 
expcctational wage-adjustment model'* as 

N 

iy.in = k,{i) «- ( 6 ) 

,c=0 

where ,_,GPI(f) is the price expe'eted at lime (/ — ,r) to picvail at lime I, 
k^{t) i.s some function reflecting deterministic movements in the till 
industry’s money wages, and e,(f) is the striicluial dislurbanee in tlic ith 
industry’s wage relation. y\ssume that GPI is ibnued rationally conditioned 
on the knowledge of past CTl’s and If.’s wilh 

or »'• 

<:PI(0 = S - r) + 2 "'('■> - ri + «(0- (7) 

»--=-0 \~0 

* If the length of the lag distiibution is kept loo siiojt ('I pasi, 4 fulurel. then there 
appears some tencit'ncy for (he cornpeiiliv'e iiuhistnes (appaiel, leather, and lumber; to 
show unidirectional feedbacks from wMges lo consumer pi'K<’s. Ho'vrver, when ih( length 
of the lag distribution is large, then this lendcncy tlisappfats m lavoi ol a strong bi¬ 
directional feedback structure (s<'e P'*s in table 2). 

** For more on expertaiion liypothese.s, see Lucas and Rapping fl91»9), luinovsky 
and Wachlcr (1972), and Geweke (1974). 
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If C,(j) ^ 0, then a reduced form for the industry money wages asso¬ 
ciated with (6) and (7) will in general show feedbacks in both directions 
between wages and prices. If C^{s) = 0, then the reduced form for in¬ 
dustry money wages will reflect a simple ordering from prices to wages, 
and if = 0, then industry money wages are exogenous.'® The fact 
that both Sims’s and Granger’s tests on causality show strong bidirectional 
feedbacks between money wages and consumer prices at the aggregate 
level allows one to rule out versions of the structures which make either 
prices exogenous or money wages exogenous in reduced form relations 
associated with the aggregate money wage. There is evidence that such an 
cxpcctational mechanism is operative at the industry level, too. The fact 
that we cannot strongly reject the presence of feedbacks from industry 
money wages to tlie consumer price index implies that bidirectional 
feedbacks may be quite important in practice.'' 

III. Tests for Serial Correlation and Subsample Stability 

It is now well understood that Sims’s test is highly sensitive (a) to the 
presence of serial correlation in the residuals and (b] to the pattern of the 
truncation of the lag distribution. Premature truncation of the lag dis¬ 
tribution or (he improper use of a filter to remove serial correlation may 
lead to eironeous rejection or acceptance of the exogeneity. I have 
already presented the /’-statistics which allow longer lags on the past 
and future (table 2 longer than four cpiaricrs) and the statistical in¬ 
ferences discussed in this ptiper are basetl on the general pattern which 
emerges frotn all of the.se ex|)eriments. 

.Ns regards the serial eoirelation, I have always u.sed the empirical 
[)ioeedtue deseiibcd in Section I fetr an appropriattt 0 < A < I, for 
tise in the second-order filter, (1 — employed to create uncorrelated 

aittoregressive strticture in reduccel form relations of the form 

4.H 

I* i(0 " — .t) + trend + seasonal dummies (8a) 

J - -4.-8 

fill more an this see Saigem and Wallace (1973) and Cieweke (1974). 

'' rile ex|>etlauonal nuiney wage dclcrinination structure is not the only structure 
riiiisistent with the empirical icsults on the causal patterns refxirted above. Assume that 
the consumer |iiites in ihe wage et|uatinn siniplv eaptme “the value-added price effects.” 
With given costs, .1 rise in the value .added jirices will raise profits and the value of the 
tnargmal product of labor to the firm. In that case, we will observe that a rise in the 
i oiisumer price index will lead to subsequent higher industry money wagc.s, for both the 
competitive as well as the iioneonipetitive sectors. On the other hand, a rise in industry 
money wages wall raise ihe short-iuii labor costs which will be leflected in higher industry 
priiduct prices anil hence in higher consumer prices. Straszheim and .Strasaheim’s (1976) 
recent conclusion that industry product prices of competitive industries are affected as 
often by slioi t-run labor costs and demand factors as those ofhighly competitive industries 
implies tli.it the presence of feedbacks from industry money wages to consumer prices 
may hold for industries regardless of their market structure. 
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4.8 

CPI(0 = ~ ■f) + trend + seasonal dummies (8b) 

j= -4,-8 

as these are always the underlying relations under the alternative hy¬ 
pothesis for the various F’s reported in table 2. Presented in table 7 are 
the estimates of the second-order autoregression of least-squares residuals 
of equations like (8) reported in table 1.'^ They are consistent with the 
inference that prefiltering as done in this paper has created an un- 
correlatcd autoregressive error structure'^ and therefore F’s presented 
in Section II are accurate. 

To the extent that a structure described by (6) and (7) is associated with 
reduced form relations of the form (.5), it is possible that expectations 
incorporate the effects of policy variables and be sensitive to the public’s 
perception of how these variables are manipulated. These considerations 
suggest that there may be behavioral shifts associated with changes in 
economic policy—shifts which might be apparent in the consumer 
price-wage relation (Geweke 1974, pp. 44 45). 

In order to examine this po.ssibility, I split the sample period into 
I 1954-IV 1962 and 1 1963-IV 1970, and implemented the (Ihow test 
to test the stability of the two-sided lag distribution of consumer prices 
on money wages. Except for one industry, wc were never able to reject 
the null hypothesis that the two-sided lag distribution of consumer prices 
on irtdustry money wages (including the manufacturing) was the same 
throughout the sample period. However, for the majority of the industries, 
the filter which induced an uncorrelated error structure for the entire 
sample never created an uncorrclated error structure for the subsamplcs. 
I’his suggests the possibility that there are behavioral shifts in the price- 
wage relation not captured by Chow’s procedure. Hence I examined the 
causal patterns using only Sims’s test for the two subsamplcs for the 
various industries. 


For some iodustric.s, Ihe above proc**<lure did not generate an uneorrelaled auto¬ 
regressive error structure. Hence for these industries, a direct estimation of the serial 
correlation was made and a fourth-order autoregressive correction wa.s done (see table I 
for such industries). The procedure used is as follows: (i) form the appropriate specifica¬ 
tion as in (8), use an ad hoc filter of the form (1 — Jf.)' and apply OL.S to filtered data 
to estimate the lag profile; (u) given the estimates of the lag profile from step (i), apply 
those estimated coefficients to the unfiltered data to calculate the residuals; (lii) run an 
autoregression on these residuals and use the coefficients in this autoregression to prefilter 
the data in the appropriate specification and estimate the lag profile by OL.S. For the 
asymptotic justification of these procedures, sec Amemiya (1973) and Sims (1973). 

* ^ The only exceptions seem to be textiles, petroleum, and stone which in spile of the 
fourth-order autoregressive correction still indicate some negative sciial correlation and 
hence to that extent F’s should be carefully interpreted. To check whether the auto¬ 
correlation may be of an order greater than two for industries that used second-order 
correction, 1 ran autoregressions on least-squares residuals of the fourth order. The 
estimated coefficients indicated that except for the industries noted in table I, there was 
no need for an autoregressive correction of an order greater than two. 
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The general pattern which emerges from these subsample causality 
tests is the following: {a) For the earlier sample period, there is some 
evidence that lag distribution at the manufacturing level is one-sided, 
with the causal ordering from wages to consumer prices.' * However, at 
the industry level, there emerges evidence in favor of weak feedbacks in 
both directions, (i) For the later sample period, there is evidence in favor 
of weak feedbacks in both the directions. Hence, we can conclude that 
except for the manufacturing sector, the feedback structure that emerges 
from the subsamplcs at llie industry level is in line with that emerging for 
the entire sample. 


IV. Concluding Remarks 

Using tests of causal patterns developed by Sims and Sargent, it is shown 
that money wages and consumer prices are simultaneously determined. 
This bidirectional feedback structure between money wages and con¬ 
sumer prices appears very strongly at the aggregate manufacturing level. 
Tliere is a possibility that there are .stibstantial bidirectional feedbacks 
between industry money wages and consumer prices, loo, even though 
the statistical evidence is not very strong. It is also clear that the nature 
of these feedbacks is not in any way related to industry market structure. 
An increase in the consumer price index leads to subsequent higher 
money wages for both the competitive as well as the noncompetitive 
industries and the tendency to show weak feedbacks from industry money 
wages to consumer prices holds equally well for most of the industries 
covering a wide spectrum of market structure. 
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Exchange Rate Dynamics with 
Stock/Flow Interaction 


Jurg Niehans 

University of Bern 


The paper examines the adjustment of the exchange rate and domestic 
prices to a monetary change under flexible exchange rates. The em¬ 
phasis is on the dynamic interaction between the classical stock aspects, 
stressed by the monetary approach, and the flow aspects, stressed by the 
elasticity approach. It is .ihown that even in a very simple mode) of 
lagged asset adjustment the interaction between trade and capital flows 
can produce a large variety of adjustment paths, with and without 
overshooting, monotonic and cyclical. 


Introduction 

In neoclassical monetary theory, with relative prices predetermined by 
resources, technology, and tastes, the price level was a question of the 
supply and demand for money. If, in addition, it was assumed that supply 
and demand for money, at least in a first approximation, arc independent 
of relative prices, the price level became a “purely monetary phenom¬ 
enon.” However, this simplification, while perhaps tolerably valid for 
equilibrium situations, could not be used during the adjustment proecs.s. 
During such periods, shifts in relative prices would call forth all those 
short-run effects on asset slocks and output flows which became known 
as the business cycle. While “monetarists” from Hume to Friedman 
stressed the asset aspects of the problem, their opponents front Malthus 
to Keynes emphasized output flows, but the fundamental problem was 
always the interaction between stocks and Hows during the dynamic 
adjustment process. 

The doctrinal history of general monetary theory is, naturally, reflected 
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in the history of international monetary analysis.' The classical tradition 
from Hume to Casscl tended to explain the exchange rate, the relative 
price of two currencies, in terms of the relative supply and demand for 
assets, particularly foreign and domestic money. This tradition was 
reinforced by the recognition, emerging from the debate about the 
transfer problem, that shifts in the relative prices of traded goods are not a 
crucial element in the adjustment process. Others, however, concentrated 
on the flows of goods and capital, which the exchange rate equilibrates 
in any period of time, and the price and income elasticities of these flows. 
The last few years have seen a much-needed revival of the monetary 
tradition in foreign exchange theory. One of its features, characteristically, 
is the tendency to downplay, by suitable simplifications, the How aspect-s 
of the problem, just as the elasticity theorists often neglected the stock 
aspects. Here again, however, the central problem is still the interaction 
problem to which this paper is atldrcsscd. 

The subject is the dynainic adjustment of the exchange rate and the 
domestic price level to an increase in the domestic money stock under 
flexible exchange rates Recent contributions to this problem were made 
by Kotiri flf)7b), Dornbu.sch (l976/i) and (ialvo and Rodiigucz (1977j. 
Their models postulate instantaneous asset adjustment. In the first two 
models this effectively eliminates trade flows from the adjustment process, 
ill noinbusch’s model bectiuse Iratle is always in biilance, in Kouri’s 
model because trade Hows atljust passively to the re(]uircd slock adjust¬ 
ment, (.kdvo and Rodrigue/, by introducing trade flows depending on 
relative prici's, made a significant step beyond the pure stork approach, 
but theii analysis is limited to perfect foresight and still assumes in- 
sianlitneous stock adjusimenl. The present note focuses on the interaction 
between luoiiey slocks and trade flows on the tissumption that asset adjust¬ 
ment lakes limc.^ It will be sliown that the menu of possible adjustment 
liallc'iiis, which in Dornbusch’s case is limited to instantaneous over¬ 
shooting, becomes much 1 idler and more interesting. I'he analysis will 
be rcstiicled to the simplest possible ca.se of stock/flow interaction, 
absiritcling from aspects which, though prc'sumably important in reality, 
ate not crucial from the present point of view. 

The Model 

Consider a ’'smair’ economy with a variable price level P trading with 
the test of the world with a given foreign price level P’’. The domestic 
economy holds two as.sct.s, namely, domestic money A/, and foreign 
money Afj, both bearing no interest. 'I'hc domestic money supply is 

‘ On the latter see tile two recent pa|KTi l)yJ.icob Frenkel (19700, 19704). 

^ This IS the approach Kouri put on the agenda for future research (1970, p. 283). 
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exogenously determined by the government, and while it is subject to 
once-over changes there is no continuing monetary expansion and thus 
no continuing inflation.^ Under full employment, the domestic demand 
for each asset, in real terms, is assumed to be a constant-elasticity function 
of the ratio of the actual exchange rate E to the expected exchange rate 
E* Domestic and foreign balances are imperfect substitutes inasmuch 
as in full equilibrium (that is, with E = E) transactions motives generally 
produce positive demands for each, while expected capital gains or losses 
result in shifts in the desired portfolio composition. The possibility of 
negative foreign a.ssets, where domestic money is held by the rest of the 
world, is disregarded. 

If logarithms are denoted by lower-case letters, the two demand 
functions can be written 

wt - /> = a, + A,(r - i), > 0, (1) 

m* -/)'■= aj -p A2(e - «), >-2 < 0. (2) 

If the current rate rises relative to the expected rate, portfolios will be 
shifted from ftircign currency to tlome.slic currency. Problems of expecta¬ 
tion formation are sidestepped by the radical assumption that, for any 
level of tn*, e is equal to the corresponding equilibrium rate and that the 
speed with which the actual rate is expected to approach the equilibrium 
rale does not matter. This clearly leaves much room for greater realism. 

The adjuslmrnl of actual assets to desired assets is not instantaneous, 
the real ca.sh balances being changed by a constant proportion of the 
difference between desired and .actual balances, 

m\ - f> = p,(m* - m,), /t, > 0, (3) 

tiij - = Hiim* - mj), pj > 0, (4) 

where x = d{]<ig X)jdt. Since the domestic money supply is exogenously 
given and the world price level is fixed, m, = /d = 0. Substituting (1) 
into (3) and (2) into (4), we obtain differential equations for the price 
level and foreign Vialances, 

i> = -P|[«, + A,(c - e) + P - m,J, (,')) 

"'2 = ^‘ 2[<’2 + ^ 2 {^ - + /'*' - " Ul ' ( 6 ) 

^ The recent lileratuie has paid consiclfrahle attention to ihr possibility that as a result 
of a domestic monetary expansion the exchange rate may temporarily “overshoot” its 
new equilibrium value (Niehaiis 1975; Dornbmth 197Gtf, 19766; Kouri 1976; Calvo and 
Rodriguez 1977). This possibility arises because parity of asset yieltls requires that a 
reduced lev<l ot domesiir interest rat<'S (and/ur a highei level of domestic inflation) be 
neutralized by an expeeted future appreciation of the cxehange rale. The present model, 
since it contains no intereM-bearing assciH (and no continuing inflation), precludes the 
analysis of this phenomenon, important as it is. 

* Real foreign currency balances are measured in terms oi foreign goods. In general, 
the demand for real cash balances also depends on relative prices PjP’'y but this influence 
is here disregarded. 
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These equations mean that the change in domestic prices is governed 
by the excess demand of domestic cash balances, while capital exports 
are governed by the excess demand for foreign cash balances. 

Under floating rates, the change in private foreign assets is equal to 
the trade balance. The latter, expressed as a percentage of foreign assets, 
is assumed to be a linear function of the logarithm of the foreign-currency 
price of domestic goods, PjE\^ 

^^ 2 = ^ - b + Pip - c), p <0. (7) 

For short periods, P might conceivably be positive, indicating that the 
Marshall/Lerner condition is not satisfied. The dynamics resulting from 
the gradual adjustment of P from positive short-run values to negative 
long-term values are an important topic for future research.® In the 
present context, a constant negative value of P will be assumed. 

The model consisting of (5), ( 6 ), and (7) determines the paths of p 
and Wj from given initial conditions for given values of m,, p’’, and e, 
and it also determines the associated path of e. The characteristics of 
these adjustment paths are the subject of the following sections. 

Comparative Statics: Full Equilibrium 

The first step is to determine the properties of the full equilibrium and of 
its displacement. 'I’he equilibrium solution of the system is obtained by 
letting j) — wij — e — e = 0. This results in three equations in the 
equilibrium values of />, m^, and e. 


/<* = tti, — a,, 

(8) 

nil = ^2 + 

(9) 

e* = {bIP) + m, - a^. 

(10) 


If the domestic money supply is increased, the equilibrium price level 
and the equilibrium exchange rate shift in proportion, while the equilib¬ 
rium holdings of foreign cash balances remain the same. In terms of p 
and m 2 , the displacement of the equilibrium is shown in figure 1 as a 
vertical shift from A to Q. In terms of p and e, the displacement is reflected 
in figure 2 as a shift from A to Q along a 45" line. Comparative statics 
is ruled by the quantity theory of prices and purchasing power parity. 

’ The constant term is 6 = — /l(po — fo), where po — eo is the logarithm of that 
value of PjE which keeps the trade balance at zero. 

* The beginning was made by Britton (1970). See also Niehans (1975), Dornbusch 
(197Ga). 
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Trade and Capital Flows: A Preliminary View of 
Exchange Dynamics 

The question is how the economy travels from A to Q. What I ultimately 
want to determine, in particular, is the dynamic adjustment path of the 
exchange rale. Equations (5)-(7) do not make the law of motion of the 
exchange rate explicit. However, some preliminary insight can be gained 
by considering trade and capital flows.^ Combining (6) and (7), the 
condition for payments equilibrium can be written 

i> + ~ e) = - /) (H) 

which must be satisfied at all times. Equation (11) can be solved for e, 


e 


P + 


Mz 


P + l^zAz 


m, + c. 


( 12 ) 


where c, = (A — /tjCj - ^i^p'' + tizA 2 e)l{P + HiAz)- Since e is pro¬ 
portional to tn, and appears in c, with a positive coefficient, it is evident 
that an increase in the domestic money supply results in an instantaneous 
depreciation, even before domestic prices and foreign currency holdings 
have had lime to react. 

Using (12) to substitute for e in (.5) and (6), the changes in domestic 
prices and foreign assets can be expressed by two differential equations 
in p and m^, 


P ~ ~ ~n — ~ —T" (*2) 

P + Pz^z 

where c2 = + ttti], nnd 


niz = ^ (p - flniz) + rj, (14) 

P -t- PzAj 

where c, = ft 2 [A 2 (ci - «) + pT- If 'easily be ascertained that in 
p, OT 2 -space the price-equilibrium line, defined by ^ = 0, is rising, while 
the trade-equilibrium line, defined by W 2 ~ falling, d he two lines 

intersect, of course, in the point of full e<iuilibruim. We thus obtain a 
phase diagram like figure 1. 

Starting from the old equilibrium A, the system approaches the new 
equilibrium Q with a price rise which can be either monotonic or cyclical. 
It is inevitable that foreign assets first increase, followed by a later reduc¬ 
tion, possibly of a cyclical nature. *1 his means that in this model monetary 
expansion neces.sarily results in initial trade surpluses followed by deficits. 
This permits an intuitive preview of the implied adjustment in the ex¬ 
change rate. The initial export surplus is the result of the depreciation of 


This was suggested to me by Rudiger l>oriibusch. 
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ilic currenc y. However, thi.s initial clepreei.Ttion foils short of equilibrium 
(lepreeiation. The reason for this ‘‘undershooting'’ is that the trade 
surplus must have as its counterpart an accumulation of foreign currency, 
which can only take place if more depreciation is expected in the future. 
Initial ovcishooting of the ultimate equilibrium exchange rate is thus 
exc hided. There is nothing in the nicxlel, however, to prevent overshooting 
in the sense that the instantaneous depreciation is immediately followed 
by ;i temporary appreeitition liehire fuither depreciation sets in. It is 
also possible tint the exchange rate overshoots its eventual equilibrium 
in the later stages of a cyclical .idjuslment process. While overshooting is 
c.xcluded in one sense of the word, it is not in others. 

In tcims of/) and e, and thus of figure 2, the trade-equilibrium line is 
the ■15 ' line going through A. Below this line there is an export surplus 
and foreign balances increase, while above the line there is an import 
surplus and foreign balances arc drawn down. As was pointed out in the 
preceding section, the new equilibrium Q, since it is at the same level of 
m 2 as A, is on the trade-equilibrium line. It follows that the adjustment 
path cannot be wholly on one side of the trade-equilibrium line. If it 
docs not run along the line, it must be partly below it and partly above it. 
If the instantaneous reaction is an increase in e, the adjustment path 
begins below the trade-equilibrium line and thus with surpluses, followed 
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by another stage altovo (lie line vvith defirits, as shown in figure 2 by tlic 
broken arrow. Tin's implies that prices rannot always lag behind exchange 
rates or vice versa, if in one phase prices are lagging behind, in another 
phase they must move ahead of the e.xchange rate adjnsinient. This is 
what introduees relative prices into the process and makes the stoek/Ilow 
interaction interesting. 


Exchange Dynamics: The Phase Diagram 

These intuitive arguments about the behavior of the exchange rate must 
now be made analytically explicit. Kollowing a change in w, the exchange 
rate adjusts in two stages. The first stage is tin- imlaiilfineou^ change 
necessary to keep the foreign payments in balance liefore foieign assets 
had any time to change. This reaction is triggerci! by the jnm|) in die 
equilibrium exchange rate e* which, liy virtue of the aliovc assnmiMions, 
is also tlic expected rate e. We liave to find those combinations of/j and e 
which at the new level of ty but at the inheiilcd level of m,, provide 
equilibrium in the balance of payments. The equation of this l>iiymenls- 
equilibrium line, cxjircssed in figure 3 by /•'/*', is (12). Of course, it goes 
through the new eciuilibrium Q, and it can easily be shown that it is 
steeper than 45 degrees.® I'he instantaneous jump will thus be from A 

* The /'7''-line shifts in a parallel fashion as m 2 changes in the (nurse of itie adjustnienl 
process. Trent Bertrand (Kiinted out to me th.ii it is tangent to the adju-stment path vvheie 
the latter crosses the tr.ide-equilibiiuiri line. 
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t(i a poirii oil the /'f-line. The sleeper this line, the lari^er the jump.'’ 
It is plausible to assume that the in.stantaneous acljustmcnl occurs entirely 
in the cxchanjre rate. The instantaneous reaction will thus move the 
system from /I to /J.'” It should lie noteil that this timeless jump of the 
system is entirely due to the assumption ofa timeless increase in the money 
supply aiul, as a consequence, of the expected exchanife rate. With a 
smooth revision of expectations it would disappear It is thus a property 
of ilie anab lii al technique rather than of reality. 

flic second staqe of the process is the t;r(ic/H<T/ adjustment starling from 
/i. It is governed by the difTercniial ecpiations of the model. The implied 
dilferenlitil etpi.ition foi r is obtained by differentiating (12) with respect 


rhf iiiitlfi lying dchT imnanis as implu'd in (12j ran be iniuihvcly explained as 
l(ilk)\M». W hile ihe expnil suiplus is posHiv«‘lv rrI<U(‘d In (uirent tlepretiation and thus lo 
r, the <.ipiial (lutriovv is positively related to the expe< ted fulurr depreciation and thus 
negalivc-ly to r. At given /;, e must he surh that the export surplus just male hes the capital 
outllcm. But (he export surplus depends positively on (the absolute value of) /?, uhile the 
(apitcd outflow depends positively on the adjustment speed /C 2 ' It Ibllows that the in¬ 
stantaneous depict lalion is huger the larger and the sinallei (the absolute value of) p. 

Unilet the reserse assumption that the instantaneous adjustment is entirely con¬ 
centrated in prices, p would have to Jail at hrst in order to produce the export surplus 
required to balance the capital exports resulting from the large expected depreciation ol 
the exchange rale. This is not a plausible case. 
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to time (with e = = 0) and substituting for j) from (5) and for 

from (7). It reads 

, [(I'J - ^h)P - {fii + 7'|Ai)« + + m,)] + cj, 

P + P2^2 

(15) 

where fj is again a constant. For given e and m^, (5) and (1.5) are a 
system of linear differential equations in /» and e. It can be verified that 
with the postulated signs of the parameters the system is stable, but a 
“perverse” reaction of the trade balance (that is, /? > 0), if strong enough, 
could result in instability. 

To construct the phase diagram in terms of/> and e, we have to deter¬ 
mine the lines of price ccjitilibrium and of exchange equilibrium. The 
price equilibrium line is found by letting ^ = 0 in (5) and solving for p, 

p = ~X,(e ~ e) + nil, (16) 

which, for given m,, has a negative slope depending on the exchange 
rate elasticity of tlic demand for tnoney. Below this curve prices are rising, 
while above they are falling (see fig. 3). 

The exchange-equilibrium line is obtained by letting e = 0 in (15) and 
again solving for p, 

p = i^J^'-l^e - 4 - (] 7 ) 

Ih - /<! f'2 - Pt 

Since ^ yt,, this line ran slope upward or downward. It will be 
positively sloped if the stock of foreign currency adjusts more rapidly 
than domestic cash balances;" it will be negatively sloped if the adjust¬ 
ment speed is higher for domestic balances. In the latter case, with /tj ~ 
p, < 0, what can be said about the slope of the exchange-equilibrium 
curve relative to the slope of the price-equilibrium curve? The e = 0 
curve will be steeper (i e., have algebraically a lower slope) ir(P 2 + 

{Pz ~ Pi'i < (' + ^i)Pi > 0- Since this inequality is always 

satisfied, the exchange-equilibrium line, if negatively sloped, must be 
steeper than the price-ecptilibrium line. If the adjustment speeds are the 
same for both assets, the exchange-equilibrium line is vertical. Nothing 
definite can be said about the slope of this line relative to the. payments- 
equilibrium line; it can be cither steeper or flatter. To the left of the 
exchange-equilibrium line, the exchange rale is rising, to the right it is 
falling. Wc thus obtain the set of possibilities illustrated in figure 3. 

* ‘ In this case it is also sleeper (han the trade-equilibrium curve vviih us 4 ) slope. 


it 
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The Adjustment Path 

Wc arc finally in a position to trace the adjustment path of prices and of 
the exchange rate under alternative conditions. In the first case, < /tj • 
This may be called the case of ilow foreign adjustment and is illustrated in 
figure 4. After the instantaneous depreciation from A to B, the e.xchange 
rate continues to ri.se; there is no overshooting. Prices also increase, at 
first at an even faster rate. After a period of trade surpluses with growing 
foreign currency holdings, prices overtake the exchange depreciation; 
trade deficits appear and the extra foreign balances are gradually 
liquidated again. The exchange rate will approach its new equilibrium 
rnonotonically, but prices may overshoot and thus be declining in the 
final phase. 

In the second case, /t, > /(,; foreign balances are now characterized 
by relatively Jast adjustment. At the .same time, the exchange-equilibrium 
line is still assumed to be steeper than the /'/'-line (sec fig. 5). The new 
element is that now the exchange rate may follow an oscillatory adjust¬ 
ment path in its later stages, with prices and exchange rates sometimes 
moving together anti sometimes in opposite directions, while commodity 
trade alternates between surplus (capital export) and deficit (capital 
import). In contrast to Dornbusch’s dynamic model, the overshooting 
of the exchange rate is not simply due to the instantaneous reaction to a 
discrete money supply cliange, but to the dynamic adjustment path itself 

In the third case, foreign balances arc still assumed to adjust relatively 
rapidly (/tj > /q), but the exchange-equilibrium line is now less steep 
than the /'V'-line (sec fig. 6). Under these conditions, the instantaneous 
tlcpreciation of the domestic currency is followed by a period of gradual 
appreciatiott; the instantaneous adjustment seems to have resulted in 
tenqiorary undervaluation. In due course, however, depreciation will 
resume and proceed either rnonotonically or with oscillations as described 
in the preceding case. In the end it will turn out that the instantaneous 
reaction did not, in fact, overshoot the final equilibrium, and that it was 
rather the temporary reappreciation which was out of line with the 
overall trend. 

Concluding Comment 

A simple stock/flow model is thus able to generate, depending on the 
relative size of five parameters, a rich variety of dynamic adjustment paths. 
This provides a strong contrast to the stark simplicity of the adjustment 
in pure stock models. It is highly suggestive, however, of the patterns 
actually observed during the last few years, where the long-term course 
of exchange rates seemed to conform closely to the relative rates of 
monetary expansion, while the short-run fluctuations showed a bewilder¬ 
ing variety of seemingly erratic patterns. 
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It slioulcl rurtlicntxirc i>c remembered that tlic present model abstracts 
I'roin many important aspects of reality. The most serious deficiency, 
from ilie point of view of excliangc dynamics, may be the assumption 
that export and import values react instantaneously to changes in prices 
anti llie exchange rate, while, in reality, this reaction is distributed over 
;i periotl of years. It is quite likely that the short-term reaction is very 
low or even perverse because traders will be neither willing nor able to 
react to fluctuations which they regard as temporary. The long-term 
reaction may also be weak, because in the long run purchasing power 
parity takes over. In the intermediate run, however, the adjustment 
process may be significantly influenced by variations in trade flows. 
Another deficiency of the present model is the rudimentary treatment of 
expectations. A third limitation is the neglect of interest-bearing assets. 
Once future research will have filled these gaps, the adjustment process 
is likely to look still more complex with seemingly small variations in 
specifications and parameters producing large differences in the adjust¬ 
ment path. While exchange rates in the long run indeed seem to be 
dominated by monetary factors, it may be a long time before the adjust¬ 
ment pattern ceases to appear as unpredictable. 
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Income Distributions in Two 
Experimental Economies 


Raymond C. Battalio, John H. Kagel, 
and Morgan 0. Reynolds 

Tf\a\ A&Af University 


Data on individual labor eainings are reported ftoin two experimental 
economies where the primary factois responsible lor income dilTeicnces 
were differences in tastes for iiiaiket income veisus leisure and dill'erences 
in abilities working manual job tasks. Measured income dispersion 
under these conditions was strikingly similai to that in ihe United 
States and other market economies, indicating that these two factors 
alone are sufficient to generate such income diffeiences. I•'lirtller. in testa 
of the functional form of the distributions of income, the hypothesis of 
lognormality fit better than the hypothesis of normality, just as it does 
in national data. 


Differences in incomes that are associated with tiin'ercnces 
in effort are generally regarded as fair. If everyone were 
offered the same hotirly wage rate and the opportunity to 
work as many hours as he or she chose, the rrsulting 
discrepancies on payday would be understandable. In fact, 
it would seem unfair for the person who lakes more leisure 
to get just as much income. [Arthur Okun 197.^J 

Judging by recent literature it appears that profe.ssional interest in 
income distribution and inequality has rarely been higher. A key question 
continues to be why reported income distributions have their apparent 
similarity in general shape, dispersion, and positive skewness, liconomists 
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data for the Cannabis Economy available and R. I.. Basmann for first suggesting that we 
look at income distributions in the experimental economies and for helpful comments 
on an earlier draft of this paper, Roy Gilbert, Tom Saving, and Bill Brown provided 
several helpful suggestions and comments. Responsibility for eirors remains ours alone. 

[Journn! of Polillrnl Economy, 1977. vol, 85, nn, 6] 
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have not had to look far to find a host of factors which might be respon¬ 
sible for the observed differences in income, although it has proven 
difficult to discriminate empirically among various hypotheses with 
available data. Special attention has focused on isolating differences in 
ability and effort because of a common belief that, if these were the only 
factors involved in earnings differences, incomes would be more evenly 
distributed than they currendy are. Naturally, many would find it very 
agreeable if this were the case. 

The purpose of this paper is to analyze data on individual labor earnings 
from two economies in which many of the alleged sources of unequal 
incomes in national economic systems were greatly reduced and in some 
cases entirely eliminated. Sufficient experimental control was maintained 
so that the primary factors reponsible for differences in individual 
incomes were differences in individual tastes for market income and 
differences in individual abilities to perform relatively simple job tasks. 
In other words, each individual could vary his or her level of earnings, 
subject, of course, to corresponding reductions in leisure time. Under 
these conditions empirical measures of income dispersion were remarkably 
similar to comparable figures for the United States and other market 
economies. 

Since this paper describes earnings behavior observed under laboratory- 
type conditions—an unusual area for economists —we make a few 
remarks about the relevance of the data. The fact that income dispersion 
is similar in the experimental and national economies demonstrates that 
prevailing differences in effort and productivity among relatively homoge¬ 
neous people (by demographic characteristics) are sufficient to generate 
differences in earnings as large as those in the U.S. economy, a point 
which has been seriously questioned (Fair 1971 ; Blinder 1974). However, 
this is not the same thing as asserting that the U.S. distribution of income 
is created solely by individual differences in ability and effort. There are 
obvious differences between the institutional structure and population 
characteristics of experimental and national economies which prevent 
such generalizations. But our results falsify the contention that incomes 
necessarily will be more evenly distributed in a world where all sources 
of income differences, except ability and tastes for leisure, are eliminated. 
In this respect our analysis serves the traditional function of experimenta¬ 
tion in the biological and behavioral sciences—to isolate basic relation¬ 
ships under controlled conditions, a technique now receiving a somewhat 
more respectful hearing in economics (Rivlin 1974; Smith 1976). More¬ 
over, even if it were pronounced impossible to draw reliable inferences 
about the behavior of a more general population from experiments, we 
surely would want to know if the empirical regularities reported in 
national data also occurred under seemingly special conditions. 

Section I below describes the experimental economies. Section II 
describes the variation in individual earnings which occurred under these 
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conditions, Section III presents statistical tests for normality and log- 
normality in the distribution of earnings, and the last section concludes 
the discussion. 


I. The Experimental Economies 

Stigler (1966) provides a representative discussion of factors generating 
differences in labor incomes, which can be summarized in the following 
list: (1) luck (personal factors—health, accidents; employer factors— 
weather, fire, flood, bankruptcy; market factors—general business con¬ 
ditions, finding best job and best pay within a job); (2) direct occupation 
expenses; (3) costs of occupational training and education; (4) lifetime 
concavity of earnings with respect to experience; (5) variability or 
instability of earnings (risk preferences, progressive income tax); (6) 
differences in cost of living; (7) occupational prestige and social esteem; 
(8) fringe benefits, like insurance, etc.; (9) monopoly power and restric¬ 
tions; (10) inability to borrow investment funds for training; (11) imper¬ 
fect foresight; (12) discrimination and nepotism; (13) relative desire for 
market income versus leisure; and (14) ability or productive capacity. 

The first factor is stochastic; factors 2-8 are the compensatory or 
equalizing principles of Adam Smith which would exist in full competitive 
markets and cause wage incomes to differ even among workers of similar 
ability and taste for income. Factors 9-12 describe divergencies from a 
perfectly competitive economy which can create additional income 
differences. The institutional structure of the experimental economies 
analyzed here permitted factors 1-12 to play, at most, a minor role in 
accounting for the observed nonuniformity of earnings in these economies. 
That is, economic conditions were such that differences in ability and 
preferences for income over leisure were the primary factors responsible 
for income differences. 

Both economies were planned economic environments in the sense that 
they were organized systems in which individuals lived for continuous, 
extended time periods and received tokens or points for work performed 
which were exchangeable for present or future consumption goods.' The 
first was a therapeutic token system established in a female ward for 
chronic psychotics at the Central Islip State Hospital in New York. The 
second was an experimental economy (Cannabis Economy) established 
at the Addiction Research Foundation in Ontario to study the socio¬ 
economic effects of marijuana consumption among volunteer subjects.^ 

In the Central Islip economy income was earned primarily in janitorial 

‘ For a discussion of the use of planned economic environments as laboratories for 
analysis of economic behavior, see Kagel (1972). 

‘ Detailed descriptions of the institutional structures, measurement procedures, and 
studies of individual consumption and saving behavior in these two economies are 
available in Battalio et al. (1973) and Kagel et al. (1975). 
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chores such as sweeping and mopping floors, sorting laundry, and washing 
dishes, although income could also be earned from self-care activities 
(straightening up a bed) or activities designed to teach social skills. Each 
token earning behavior was clearly defined and available at regularly 
scheduled intervals at a specified token wage rate. Wage rates were 
structured to approximately clear the labor market, avoiding excess 
demand or supply in each job activity. Patients did not have fixed job 
assignments, and the staff allocated janitorial activities among those 
willing to work on a day-to-day basis. In principle, all patients had the 
requisite skills to perform any of the jobs, but of course some did higher- 
ciuality work than others. Individual patients generally volunteered to 
perform a given job on a fairly regular basis, and the staff relied upon 
these patients to perform these jobs. Most patients worked a variety of 
jobs as well as working the same job more than once a week. However, 
there was no fixed maximum on the amount of work that an individual 
was iillowed to perform or minimum amount of work required. 

With respect to consumption opportunities, all patients were supplied 
with an assured bundle of goods normally provided by a hospital, such as 
a bed in a public dormitory room, meals, and medical care, independent 
of toketi earning activities. Tokens were used to purchase additional goods 
like cigarettes, eolfee, candy, cookies, soda, and milk at the token store, 
rent a private room or locker, obtain a grounds pass, or purchase clothing 
and dance tickets. An important feature of consumption behavior in this 
economy was that the individual distribution of consumption expenditures 
coincided very closely with the distribution of labor earnings. Examination 
of saving and consumption behavior in this economy has demonstrated 
that these consumers conform to standard principles of economic behavior 
(Battalio ct al. 1973; Kagel ct al. 1975). 

The .second economy (dannabis Economy) consisted of three groups of 
volunteer subjects, two male groups and one female group, which entered 
the experiment on differetu dates. Subjects ranged from 20 to 28 years of 
age, typically used marijuana (or other derivatives of the cannabis plant) 
regularly for at least 2 years, were unemployed al the time of volunteering, 
and had 12 or more years of schooling. The structure of the economic 
system was the same for all groups except for availability and conditions 
of marijuana consumption. These diflerences arc ignored here because 
they did not alfcet the distribution of output per hour, hours worked, or 
earnings. ^ 

Income-earning activity in the Cannabis Economy consisted of weaving 

^ MravSures of dispersion in earnings during the predrug phase of each experiment, 
when subjects did not know which treatment condition they would be assigned to and 
no cannabis was available, did not differ in any important respect from the measures 
reported in the text. It appears that the primary effect of cannabis conditions on individual 
economic behavior lies in the rearrangement of the sequence of daily activities (sec Kagel, 
Battalio, and Miles 1976). 
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woolen belts on small portable hand looms. Standards for acceptable 
belts were established and subjects received $2.50 (Canadian currency) 
for each acceptable belt submitted. The material used in weaving belts 
was provided free of charge and was always available in the work area. 
Subjects were free to work anywhere in the ward, during any desired time 
period, and for as long or as little as they wished. Records of output, 
earnings, and consumption were maintained by the experimenters, and a 
record of each subject’s activity was made every half-hour. 

The consumer goods provided free of charge during the 98-day experi¬ 
mental period consisted of assignment, in pairs, to semiprivate rooms with 
heat, lights, and cleaning services. All other goods had to be purchased 
from production earnings. A store on the premises offered canteen items, 
including alcoholic beverages; recreation facilities were available for small 
rental fees; and meals were available at the hospital cafeteria or snack 
bar, as well as from food-to-go outlets outside the hospital. A staff member 
was regularly available to piircha.se other retail items outside the hospital 
at market prices, while all unspent earnings could be taken home at the 
end of the experiment. Consumption and saving behavior in this economy 
also corresponded to standard principles of economic behavior (Kagel 
ct al. 1975). 


II. Differences in Individual Earnings 

The data in table 1 provide descriptive measures of the distribution of 
individual earnings within the two experimental economies. Weekly dis¬ 
tributions and individual income totals over 5 weeks are reported for the 
f Central Islip economy.-' Total earnings Ibr the 3-month experimental 


■* An indfpencUnt check of data accur.acy compared the amount of money subjeclb 
received upon h aving the economy with what they should have left with on the basis of 
income and consumption records. Using data from group 3, ihe differrners between these 
iw’o measures of saving taken as a percentage of individual subject income range from 0 
to (i pel cent with an average value of2.4 |>crccnt. Indcix“ndenl checks for data accuracy 
were also maintained in Central Islip by recording total tokens disbursed by weeks and 
comparing this measure with total earnings, "^rhe discrepancy ol these two measures over 
3 weeks averaged 3.0 percent of the average value of the two measures. 

* While income is often estimated over a 1-ycar interval, weekly income di-stributions 
are appropriate for the Central Islip economy. Contracting for jobs was daily rather than 
monthly or annually. Major adjustments to changes in the relative prices of con.sumption 
goods were completed within 1 week, as were adjustments to changes in wage rales, a 
common pattern in token economies. Wcek-to-week correlations between individual 
earnings were about 0.9, which arc similar to those for annual earnings for national 
economies. Therefore, it appears that a week is sufficient in a steady-state token economy 
such as Central Islip to asse.ss the persistent differences among individual earning be¬ 
haviors. Income is reported for the top 23 earning individuals who were present for all 
weeks of the study. The rationale for selection was to eliminate patients whose income 
was primarily earned in self-care activities, i.c., subjects who effectively were non- 
participants in the general labor market. Note also that money wage rates were constant 
during the reported weeks, but large systematic changes In prices of groups of goods 
occurred (sec Battalio ct al. 1973). 
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period are reported for the three groups in the Cannabis Economy. 

Students of income distribution will note some familiar features about 
the dispersion and skewness shown in table 1. In the Central Islip economy 
there was considerable dispersion in earnings among individuals in the 
economy regardless of which index of variability is chosen. The highest 
earner received over 10 times as much as the lowest earner, the coefficient 
of variation was about 0.75, the variances of the logarithm of income 
averaged 0.42, and the Gini coefficient was about 0.375.® The absolute 
value for the slope of the Pareto function was around 1.5, the value which 
Pareto found long ago. In addition, the Central Islip income distributions 
all exhibited positive skewness, as indicated by the consistent positive sign 
for Pearson’s coefficient. 

The distributions of income from the Cannabis Economy are generally 
more compact than those for Central Islip. If we consider the combined 
distribution for all 56 subjects, the coefficient of variation (0.56) and Gini 
ratio (0.310) were somewhat smaller than those in Central Islip, although 
the maximum income was over 10 times as large as the minimum income 
and the variances of the log of income were similar. However, differences 
in dispersion emerge among the three subgroups comprising this total. 
Each male group had a maximum income only about five times as large 
as its minimum income. In addition, coefficients of variation, log vari¬ 
ances, and Gini ratios were smaller for the male groups than those 
reported for the women in table 1. The income distributions in the 
Cannabis Economy, with the exception of the first group of men, also 
exhibited positive skewness. The Pareto slopes for the top 20 percent of 
the Cannabis Economy all exceeded 3.0, indicating that income was 
distributed more evenly among high income earners in the Cannabis 
Economy than in Central Islip.’ 

The numerical measures of dispersion reported for the experimental 


‘ The Gini coefficient is defined as the mean difference divided by twice the mean 
income. In the discontinuous case (individual data) two formulas arise because the mean 
difference can be calculated with or without repetition. Ours was calculated without 
repetition, which means that the deviations of each value from itself, which add nothing 
to the sum of deviations, are not taken, so the number of pairs is N{N — 1) rather than 
(see Kendall and Stuart 1969, pp. 46-51). Geometrically the Gini coefficient is the 
ratio of the area between the Lorenz curve and the diagonal of perfect equality to the 
total area under the diagonal. The Gini ratio ranges from 0, when incomes are equal 
(the Lorenz curve coincides with the diagonal), to 1 at the other extreme. Atkinson (1975) 
offers the following description: Suppose we choose two people at random from the 
income distribution, and express the difference between their incomes as a proportion 
of the average income, then this difference turns out to be on average, twice the Gini 
coefficient: a coefficient of 0.4 means that the expected difference between two people 
chosen at random is 80 percent of the average income (p. 45). 

’ A Chow test shows that the probability is less than 5 percent that the Pareto value 
reported from Central Islip for week 2 (the largest Pareto value reported for that economy) 
is equal to the Pareto value reported for groups 1 and 2 in the Cannabis Economy (the 
smallest Pareto value reported for that economy). 
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economies fall within the range of comparable measures reported for the 
United States and other national economies. This is substantiated in 
table 2, where a sampling ofGini ratios for income distributions in national 
data is shown. Obviously, no single distribution constitutes the correct 
comparison because representations of income dispersions always depend 
upon definitions of income recipient unit, income period, and data 
accuracy, as well as the statistical methods used to summarize and inter¬ 
pret the data. As illustrated in table 2, however, the general tendency in 
these data is for income to be more evenly distributed the more homoge¬ 
neous the group of income recipients and the narrower the occupational 
classifications covered. Gini ratios often exceed 0.40 when distributions 
include all sources of money income (before personal taxes) for all types 
of households. However, it is not unusual for flini ratios of relatively 
homogeneous groups of workers to be considerably smaller, often falling 
below 0.30. The Gini indexes for the experimental data fall within these 
extremes the Gannabis liconomy, which had a single source of earnings 
and a more homogeneous population of workers, had a smaller Gini ratio 
than the Gcntral I slip economy, which had multiple sources of earnings 
and a somewhat more heterogeneous population of income earners. 

Comparisons of income dispersion should, however, not rely on any 
single, summary measure, especially since Lorenz curves may cross. But 
otlier statistical eom[)arisons suggest the same general conclusion as the 
Gini index. For instance, the highest fifth of U.S. full-time craftsmen 
received 32 percent of total earnings in 1970, as did the highest fifth of 
operatives (Herile 1972). By ettmparison, the highest fifth of earners in the 
experimental economics always rcccivotl more than 32 percent of total 
earnings, indicating ;i.s tnuch dispersion of income in the experimental 
economies as litr manual occupations in the national economy. Similarly, 
Lytlall (19611) reported coefficients of variation in labor earnings for all 
U.S. males of 0.,'i2, 0,36, and 0.37 in 1939, 1949, and 1959, respectively, 
which are generally smaller than coellicients of variation in the experi¬ 
mental econoniies. 

In summary, data from the experimental economics show that dif- 
I'erences in abilities to perlbrm simple manual jobs and dilferenccs in 
preferences for market income among relatively similar individuals (by 
tlemograiihic characteristics) arc sufficient to generate income dispersions 
like those observed in national economics. It bears emphasis, however, 
that this does not imply that these two factors necessarily account for all 
income differences in national data. This issue receives more attention 
in the conclusion. 


Ill, Functional Form in Distributions 

In addition to an interest in dispersion, economists have devoted a great 
deal of research to determining what the shape of the income distribution 
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is like, especially since this could provide the basic datum which a theory 
of income distribution must explain. Three functional forms for the 
distribution of income have been especially prominent: the Pareto distri¬ 
bution, the normal distribution, and the lognormal distribution (Lydall 
1968, p. 13). The Pareto distribution provides a reasonably adequate 
characterization of earnings for the top 20 percent of the income distri¬ 
bution in the experimental economies, with simple correlation coefficients 
ranging from .87 to .98 for the Pareto functions reported in table 1. This 
is typically the case for national data as well, although the Pareto distri¬ 
bution fits overall distributions poorly. 

The hypothesis of normality in the distribution of earnings has been a 
candidate to fit the overall distribution because of the possibility that 
human earning capacities are normally distributed, just as some other 
variates in nature are. The second major candidate has been the log¬ 
normal distribution, which has a long history based upon statistical 
models like the law of the proportionate effect or the multiplicative inter¬ 
action among abilities relevant to producing earnings. The fP-statistic 
(Shapiro and Wilk 1965) was used to test the hypothesis that earnings 
were distributed normally (or lognormally) in the experimental econo¬ 
mies, as Monte (larlo studies have shown it to be quite powerful for small 
sample sizes relative to other common tests (Shapiro, Wilk, and Chen 
1968). 

The Itypothcsis of lognormality in the distribution of earnings was 
accepted at the 1 percent confidence level for each week and for incomes 
totaled over 5 weeks in the (lentral Islip economy. By contrast, the 
hypothesis of normality was rejected at this confidence level. 

The Ciannabis data did not conform quite so clearly to only one func¬ 
tional form. Lognormality was accepted for the distribution of income in 
all three experimental groups, but normality was also accepted at the 
1 percent level. To resolve this ambiguity we reorganized the data to see 
if one functional form would dominate. When the earnings for all men 
were pooled (experiments 1 and 2), lognormality was accepted and 
normality rejected. Similarly, in pooling the data for all subjects, log¬ 
normality was accepted and normality rejected at the 1 percent level. 

The results of our tests for normality and lognormality arc reasonably 
similar to those using data from national economies (Lydall 1968). The 
hypothesis of normality is usually in poor agreement with national data 
but provides a somewhat better characterization in more narrowly 
defined manual occupations. Similarly, normality did not fit as badly in 
the Cannabis groups as in Central Islip, which had a more heterogeneous 
job structure. As with most national data, the hypothesis of lognormality 
was in better agreement with the data from both experimental economies 
than the hypothesis of normality. 

We note one more striking similarity between the Cannabis data and 
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national data, namely, the difference between male and female earnings. 
Lydall (1968, p. 242), among many others, has puzzled over this ancient 
difference between the sexes: “For full-period workers in the developed 
countries, the median earnings of women seem to be mostly between a 
half and two-thirds of the earnings of men; and the question which arises 
is whether this ratio is an accurate reflection of the differences of average 
effective abilities of men and women, or whether it is partly institu¬ 
tionally or sociologically determined.” Remarkably enough, female mean 
earnings in the Cannabis experiment were 69.5 percent of the mean 
earnings for all males, a statistically significant difference at the 1 percent 
level. Many explanations might account for the observed difference— 
differences between the sexes in physical stamina or desire for leisure— 
but, given the structure of the (iannabis Kconomy, it cannot be accounted 
for by sex bias or segregation of the sexes into different jobs. 


IV. Conclusions 

We have analyzed data on the distribution ofincomes in two experimental 
economics in which many of the factors commonly cited as responsible for 
generating income differences were absent. Nonetheless, measured 
income dispersion and functional form of the distributions in these 
simple economics is not very different from those in the United States 
and other market economics. 

Since the bulk of empirical work on the distribution of incomes 
generally does not derive from analytical models in which the income 
distribution is either an important dependent or independent variable, 
much of the interest appears to be motivated ideologically. Some might 
be tempted to use our results on behalf of various opinions about the 
fairness of the existing distribution of income. We make only two points. 
The first is that this study provides evidence for the proposition that 
measures of dispersion in income and earnings reveal virtually nothing 
about the socioeconomic structure in which the observed distribution 
was generated. We considered two institutional structures and populations 
that were quite different from national economic systems and from each 
other, yet the empirical measures of income di-spersion were not dramat¬ 
ically different. This draws attention to the fact, sometimes overlooked, 
that particular individuals occupying a given income rank may be quite 
different under alternative economic structures although the overall 
distribution remains unchanged. Thus, in an economic system where 
factors such as 9 and 12 (monopoly power, nepotism, discrimination) are 
important factors generating a particular distribution of income, removal 
of these factors need not change the empirically measured Gini coefficient 
or coefficient of variation but certainly can change the income position 
of individuals. 
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The second point is that our study provides evidence for the importance 
of differences in individual tastes for market income and abilities as 
major determinants of the income distribution. For instance, our evidence 
certainly throws doubt upon the empirical relevance of the theoretical 
model which led Fair (1971, p. 575) to conclude that “it is thus apparent 
that one has to make rather extreme assumptions about the variation of 
the productivity and industriousness of people before the optimal Gini 
coefficient approaches 0.35.’’ But even if preferences and productive 
abilities play a dominant role in creating the income dispersion observed 
in the U.S. economy, it does not follow that the distribution of income is 
immutable. To the extent that tastes and abilities are formed by environ¬ 
mental experience, changes in these variables potentially can modify the 
equilibrium distribution of income. 
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Health, Investment in Health, 
and Occupational Choice 


M. L. Cropper 

Vniufrsity of Calijornia^ Rtversidt 


7’his paper presents two models of iiiveslniciit in health which explicitly 
recognize the random nature of illness and death. The first model ex¬ 
amines life-cycle behavior of invesimenl and health capital when the 
motive for investing in health is to decrease the probability ol illne,ss. In 
the second model the individual invests in health through his choice of 
occupation. This determines the extent of his exposure to a pollutant, 
such as asbestos, which increases the probability of death. 'I'lie model 
examines how exposure to pollution should vary with age and predicts 
how workers should respond to Information about occupational dangers. 


I. Introduction 

In recent years it has been recognized that expenditures on medical 
services, nutrition, and exercise can be viewed as investments in health 
capital and analyzed using the tools of capital theory. This approach has 
enabled economists to derive propositions about the pattern ol medical 
expenditures over an individual’s lifetime and to describe the behavior of 
health capital over the life cycle. In addition, it has provided a means 
of explaining observed cross-sectional ditferences in medical expenditures. 
Grossman (1972), for example, has developed a model in which licalth is 
viewed as a capital stock which yields an output ol ‘healthy days. 
Individuals may Invest in health by combining time (c g., for doctor s 
visits) with purchased inputs (e.g., medical services), llie incentive for 
investing in health is that by increasing the health stock the individual 
increases the amount of time available for earning income or for producing 
consumption goods. 

The author would like to thank Michael Grossman, Tracy Lewis, and an editor of this 
Journal for helpful comments on an earlier draft of this paper while retaining full respon¬ 
sibility for any errors. 
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In the present paper, investment in health is approached from a slightly 
different viewpoint. Specifically, I assume that individuals invest in 
health not to receive a monetary return but to avoid the disutility asso¬ 
ciated with being ill.* Since individuals are usually unable to enjoy life 
fully when they are ill, illness will be treated as a temporary interruption 
in the individual’s utility stream. Death, which is also affected by the 
stock of health capital, can be regarded as a permanent interruption of the 
utility stream. 

A second point of departure is that the relation between health capital 
and illness is treated here as random rather than as deterministic. Whether 
one is well or ill depends, after all, on random events—changes in climate, 
exposure to viruses and germs- as well as upon the size of one’s health 
stock. Formally, I shall assume that illness occurs whenever the health 
slock, //, falls below some critical level /?, where /? is a random variable. 
T he individual thus increa.ses the probability of being well by maintaining 
a high stock of health capital but cannot guarantee that illness will not 
occur. An equivalent way of expressing this is to say that at each instant 
of the individnars life one of two states “ill” or “not ill”—must occur. 
The probability of cither state obtaining depends on the stock of health 
c.a|)ital and can be determined indirectly by investing in health. 

Since individuals arc not fully able to enjoy life when they are ill, 
illness is assumed temporarily to interrupt the individual’s utility stream; 
tliat is, if the state “ill” occurs the individual receives the same utility he 
would receive if he consumed nothing. Thus psychically, if not literally, 
illness is e(|uivalent to zero consumption. 

Aside from possible theoretical appeal, this treatment of illness enables 
one to distinguish between two very different types of medical expendi¬ 
ture: pre\'erit.Ttive medical expenditure and expenditure in the event of 
illness. I'his tlistinction is an important one since the two types of invest¬ 
ment may behave quite diH'erently over the life cycle. The present model 
l'(H tises on preventative expenditure on health, which is nonstochastic, 
and shows that this form of investment may decrease as the individual 
ages and the period over which returns are received decreases. F-xpendi- 
turc in the event of illness, on the other hand, is a random variable which 
is positively related to the occurrence of illness. Although the model does 
not deal explicitly with this type of investment, it is shown that the 
fraction of time s]>ent ill increases as the individual ages, hence so should 
expenditure necessitated by illness. 

A second advantage of our approach to investment in health is that it 
provides a model which, with suitable modification, can be used to 
analyze a more subtle form of investment in health capital. Casual 

' (irossman emphasizes that good health should be regarded as a consumption as well 
as an investment good; however, in the principal case which he analyzes, health services 
do not enter the utility function directly. 
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observation suggests that there is often a trade-off between high wages 
and job safety, especially in unskilled Jobs. Hence, in order to earn a 
higher income an individual must often work in occupations which are 
damaging to his health and may even result in his death. This implies that 
the choice of an occupation is also a form of investment in health. 

In recent years attention has been focused on a particular class of jobs 
which are injurious to the health, namely, jobs involving industrial 
pollutants.-^ The more well-publicized of these pollutants include asbestos, 
kepone, and nuclear radiation; however, the problem is considerably 
larger, for the U.S. Food and Drug Administration lists some 2.'),000 
substances as potentially hazardous to the health. Like asbestos, most 
industrial pollutants are absorbed gradually, in proportion to the number 
of hours worked, and accumulate inside the worker’s body. The interesting 
feature of the process is that the effects of these pollutants may not be felt 
for many years; however, once enough of the pollutant has accumulated, 
death will result. Unfortunately, what constitutes a lethal dose of many 
pollutants must be considered uncertain. The problem facing the worker 
is therefore one of trading higher wages for an increase in the probability 
of death. 

The existence of jobs involving industrial pollutants raises several 
interesting questions. First, if an individual is faced with a choice between 
a job such as coal mining which is known to be dangerous and a safer but 
lower-paying occupation, how should he optimally behave? 'I'bat is, by 
how much should he increase the probability of death in order to earn a 
higher income, and how should employment in the risky occupation vary 
over the life cycle? Second, if an individual has been working for years 
in an occupation which is suddenly discovered to be dangerous to the 
health, should he continue working, given that he has already accumu¬ 
lated a large stock of the pollutant, or should he change his occupation 
and allow the pollutant to decay? 

The answers to these questions, which arc developed in Section III, are 
somewhat surprising. It might seem, for example, that if an individual 
chooses to work at all in a risky occupation, he should do so when he is 
young, switching to a healthier occupation as he grows older so that his 
pollution stock may decrease. Under plausible conditions, however, it 
may be shown that the optimal pollution stock never decreases and that 
some exposure to the pollutant is always called for. Similarly, when an 
individual who has inadvertently accumulated a large stock of pollutant 
suddenly discovers that the substance is dangerous to his health, optimal 

* A second type of job-related health risk is the risk of industrial accidents. Unlike 
pollutants, whose effects persist long after employnicnt has elided, these risks are of a 
temporary nature only and may be thought of as increasing the probability of death 
while the individual is at work. Since the problem of industrial accidents has been dealt 
with by Thaler and Rosen (1975), 1 shall not deal with that problem here. 
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behavior may consist of further increasing the stock of the pollutant rather 
than switching to a less-risky job. 

These conclusions are based on a model, set forth in Section 111, which 
is formally analogous to the model of conventional investment in health 
presented in Section II. Results are summarized in Section IV. 


II. A Model of Investment in Health Capital 

A. The Model 

Let us assume that at each instant an individual receives an income of 7 
whicli lie divides between expenditure on a consumption good, C, and 
investment in health capital. This assumption ignores the possibility that 
the individual invests in human or nonhuman capital; however, it 
permits us to focus on investment in health and reduces the model to a 
single state variable. If investment in health has a constant marginal 
cost off and if the consumption good has a price of v per unit, then the 
instantaneous budget constraint may be written 

? = cl + vC, (1) 

or equivalently, 

C=Y- pi, (2) 

where I' = F/e and p = cjv.^ Expenditure on consumption increases the 
individual’s utility, provided that he is well, while investment in health 
increases the stock of health capital according to the relation 

H = I - 5H. (3) 

Equation (3) rellects the fact that the health stock decays over time as 
the individual ages. Initially it is assumed that the rate of decay is constant 
throughout the individual’s lifetime; however, the possibility that & 
increases over time is considered below. 

I'he size of the health stock is important since it determines at any 
instant whether the individual is well or ill. Specifically, the event “illness” 
occurs whenever the health stock //, falls below a critical .sickness level 
/?,, which is assumed to be. random. If fl, is viewed as the level of germs 
and viruses to which the individual is exposed, and if H, is interpreted as 
resistance to disease, then this assumption characterizes fairly accurately 

■* Another way of expressing this is to say that at each instant the individual has a fixed 
amount of labor which he can devote to earning income, producing consumption goods, 
or producing investment in health. C^onsumption and investment in health are produced, 
as in Grossman (1972), by combining labor with purchased inputs. As long as the pro¬ 
duction functions for C and I arc homogeneous of degree one, this production-oriented 
framework is equivalent to the assumptions made above. 
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minor illnesses such as colds, viruses, and influenza. In keeping with this 
interpretation of illness it is assumed that sickness lasts only momentarily 
and does not reduce the stock of health capital. ■* 

The random nature of ft, is captured in the assumption that there exists 
a density function/ (/?) over the interval [ 0 , 00 ) from which a new ft is 
drawn at each t. Successive drawings arc assumed independent so that 
ff, is independently and identically distributed for all 1. In view of these 
assumptions, the probability of the state “not ill” may be written 


f{H,) 



dfl, 


while the probability of being ill is given by 1 — 

An important feature of (he model is the way in which illness affects the 
individual's utility. If at any / the state “well" occurs, then the individual 
receives utility from consumption aceoriling to the function Li{C), 


U‘{C) > 0, < 0, /7’'(()) = CO, f/(0) = 0. (4) 

If the state “illness” occurs, utility is given by the function F(C) = 0, 
all C. Although the individual may literally consume some of the good C 
when he is ill, it is assumed that the disutility of illness renders this 
psychically equivalent to zero consumption.* 

Since illness is a random event, instantaneous expected utility can be 
written, by substitution from ( 2 ), as 

F.U, = I'{H)U{Y - pi). (fi) 


Given an initial stock of health //(,, the problem facing the individual is to 
choose a path /, and a value to maximize 


’T 

Jo 


e-0'F{/I)U{y - pi) d! 




.since* the moeivl apjjlics only to minor illni'sscs which do not .ifTi'ct (lie stock ol healtti 
cnpilal, it is rrn.sonablc that the iiiilivKlual [il.iiis pievciitatjvr healtli espcndiluic at / = fl 
for the rentainder of liis life. If one wanted to model major illness, this could be .u i om- 
plished by having illness (a random event) reduce the sire of the hetiltb slock. In thi*. case 
//, would be a random variable, .iiid the individual would det. imine his inveMmenI in 
health at each t, based on the most recently obscived value ol //,. 

’The a.ssumption that y(C) = 0 111 the event of illness ilor,s not imply that the 
individual will plan to consume nothing when he is ill. for luiiher distussjon about this 
point the reader is referred to the beginning ol Scciion IIB. (ftu* might ctiiicin my 
treatment of illness on the grounds that it does not distinguish among illnesses .cctnrding 
to their severity. This can be coireeled, however, hy assuming that tfie niclit'rdual n crives 
utility from sr-rvices dM which arc proportional to the slock ol health. If the indisidual 
is well, utility is given by the strictly concave and iiirieasing funelion ^//), vshile 

utility in the event of illness is a 5 .sumcd to be 1/(0, (/iH). (t.'[lfealh| ^ 0, .is in ihi text.) 
If one also assumes that {/(C, iH) is separable, then the t|ualiLalivr n sulls obtained m 
Section IIB arc unaltered by including H in the utility function. 
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subject to (3).® It is also reasonable to assume that / > 0 since health 
capital can neither be sold nor consumed. 

In equation (6), T, the time of the individual’s death, is assumed known 
with certainty and outside of his control. This rather restrictive assumption 
is relaxed below; however, the case in which T is fixed provides an 
interesting basis for comparing investment in health ^ith investment in 
human capital. 

li. Life-Cycle Behavior of Investment and Health Capital 

In what follows I shall describe the paths of investment and health 
capital by examining the necessary conditions corresponding to equation 
(6). llefore doing so, however, it should be established that the path of 
investment which maximizes (6) is consistent with the amount of invest¬ 
ment which the individual wouhl choose at each t based on the most 
recent information available to him. 1 shall argue that the path of 
planned investment is consistent with the actual path of investment if the 
distribution /'(/?) is regarded as an objective distribution and if purchases 
of consumption goods at instant I must be made c minutes before the 
individual knows whether or not he is ill.’ 

Sujiposc, for example, that the individual revises his investment 
decision at time T, given knowledge of the path /7„ 0 ^ t < T. If F{R) 
is regarded a.s the true distribution from which a vahic of fl is drawn at 
each t, then the individual has no reason to alter F{fl) at time t. If it is 
also assumed that the individual must order the goods which he will 
consume at t an arbitrarily small amount of time before is revealed, 
then the intlividual at t wtll solve the problem 

max I’ e~‘'^'~'f'{H)U{Y - pi) dt, (7) 

given //,, and the values of C\ and /, chosen at t will not dilfer from the 
values of C'j and I, chosen at time 0. 

The paths of investment and health capital may now be examined by 
writing the Hamiltonian function and neces.sary conditions corresponding 

‘If the insiaiiuiiK-ous unliiy function Cl(C’) is bounded from below, then by Tonelli’s 
tbciirem it can be shown th.it equation (b) is ccjuivalcnt to the objective function 
suggested by the expected utility hypothesis, 

L , 

where* 

(U(C,) if//, > /?, 

if//,</7,- 

^ There are many cases in which this assumption seems to fit reality. Food and clothing, 
for example, are goods which arc usually purchased prior to the instant of consumption 
and cannot easily be resold. 
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to equation (6). Omitting the discount factor, the currcnt-vahie Hamil¬ 


tonian becomes 

^ = F{H)U{Y - pi) + fi(l - SH) -f r/, (8) 

where // is the multiplier attached to (3) and r corresponds to the con¬ 
straint 7 > 0. tor any 11 and /t, 7 must maximize JP, hence (9) must hold 
along an optimal path. Equations (10) (13) must also be satisfied. 

d^'ldl = -F(ll)pU'{Y - /,7) -f- p + r = 0, (9) 

fi ^ (p + S)n - F’(H]U(Y ~ pi), (10) 

ii = 1 - du, ( 11 ) 

= 0 , (! 2 ) 

r > 0, r7 = 0. (13) 


Since equations (9)-(13) play an important role in siihseqiirnt analysis, 
it i.s well to examine them before proceeding. In these cqiiaiion.s, fi, the 
shadow price of health, represents the increase in future expected utility 
of a unit increase in the stock of health capital. Equation (9), which 
determines 7 as a function of p and 77, states that the inthvitiual will 
increase current consumption at the expense of investment in health 
capital until the expected marginal utility of a unit of current consumption 
just equals p, the future utility foregone by not investing in health, 
Equation (10), which may also be written 

F'{H)U(Y ~ pi) -f^p, (14) 

is a condition which must he satisfied by the optimal stock of health 
capital. In interpreting (14) recall that for the individual, investment in 
health is analogous to investment in a itiarketable capital good such as a 
consumer durable. What the equation says is that F'{ll)ll{Y — pi), the 
increase in utility obtained by purchasing an additional unit of // for an 
instant, must equal [p ^ — {pjp)]p, the cost of an instantaneous 
increase in if. 'I'his co.st i.s comprised of three parts the psyt hie rclurn p 
foregone by "spending” p on I! rather than on current consumplion; the 
depreciation cost dp, rcdecting the instantaneous deterioration in //; 
and p, the "capital gain” which accrues to the lioldrr of//. ('I’he latter 
must be subtracted from [p -p S]p to arrive at the cost of capital.) 
Equation (10) is thus analogous to the familiar result from capital theory 
that the marginal product of capital must equal the supply price of 
capital—interest plus depreciation minus capital gains. The difTcrence 
here is that because the stock of health is not marketable, all returns must 
be measured in utility terms. 
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Equations (9)-(l 1) must be satisfied by I, H, and at all points along 
an optimal path. Equation (12), on the other hand, places restrictions on 
these variables at the terminal date T. Equation (12) indicates that at 
the time of his death an individual will optimally have used up his stock 
of health capital or will be in a position where further increases in the 
stock of health cannot increase utility (jtj- = 0). It is clear, however, 
from (11) and the fact that I must be nonnegative, that the individual 
will never be able to deplete his stock of health capital in finite time. It 
therefore follows that the shadow price of health must be zero at the time 
of death. Since fi is continuous, this implies that ^ < F{H)pU'{Y) for 
some interval prior to T. and hence that 1=0 prior to the time of death. 

Thus as long as the time of death is known with certainty, it must be 
preceded by a period in which no expenditures on preventative health 
care arc made. This observation also implies that the individual's health 
stork will be decreasing steadily toward the end of his life and that illness 
is likely to occur more frequently prior to death. 

We shall now examine how investment in health and health capital 
change over the individual’s lifetime. Equations (9)-(l3) do not exclude 
ilie possibility that the individual never invests in health; however, the 
case of /, > 0 (except at the lime of death) is clearly more interesting. 
Wlien /, > 0 the rate of change in investment, 1. may be derived by 
differentiating equation (9) with respect to time and then substituting 
for ft and 1/ from eejuations (10) and (11). 



4- - 


F'{H) / U 
F{H) \pU' 



(l.a) 


Equations (11) and (15), wlien solved simultaneously, yield a family 
of I-H paths, one for each value of T. The properties of these paths are 
examined in figure 1 by plotting the stationary loci 1 = 0 and // = 0. 

If//is set equal to zero, the result is a straight line with slope 1/(5. For 
values of / to the left of the line, H is decreasing while H > 0 to the right. 
I'he shape of / = 0 is, however, more complicated. For 1 > 0 the locus 
t = 0 may conveniently be written 


HSl - tH. q. / = i±_E. + 5// 

plJ'{Y - pi) ^{H) (16) 




where (^(//) s F'[H)jF{H) is the conditional probability density of 
illne.ss. Loosely interpreted, this is the probability that the individual falls 
ill when his health stock is H„ given that he is well when his health capital 
exceeds //,. We shall assume, as seems reasonable, that the conditional 
probability of illness is a decrea.sing function of H and that 


ao ^ lim ^(//) > 0, and lim ^(//) = 0. 
H-o n-oo 


( 17 ) 
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H r 



Fki. IPaths (if investment and health capital when death is cxogcnims 


In view of this assumption, the right-hand side of (16) is a strictly 
increasing function of H. As the reader may verify, the left-hand side 
of the equation is a decreasing function of / for 0 ^ / S i'lp and 
an increasing function of / for / > Yip.* The locus / = 0 therefore 
begins at the point {0, J~'[U{Y}jpir{Y)]], slopes downward to the 
point [Yip, J' '{Ylp)\, and increases thereafter. It can also be shown that 
the loci 1-1 = 0 and / = 0 must intersect only once, and that thi.s inter¬ 
section must occur on the downward-sloping portion of / = 0.“' 

Wc are now in a position to describe the optimal paths of investment 
and health capital. In figure 1 the heavy solid lines represent solutions to 
the system (11)-(15) for various values of T. Paths such as (3) and (4), 
which more closely approach the stationary values /°° and //® than do 
paths (1) and (2), correspond to larger values of T. Since investment in 
health must be zero at the time of death, any path which docs not 
terminate on the //-axis cannot be optimal. This implies that an optimal 
path will resemble (I) or (3) if // is initially small (//q < //*) and (2) 
or (4) if//o is large (//g > 


® Specifically, the derivative with respect to / of the left-hand side of (1 ( 1 ) is VU jp{LJ 
which is negative for U > 0 and positive for U < 0. 

® Whenever the curves / — 0 and // ^ 0 intersect, it must be the case that I = 6H 
and S + p = i(H)[{VlpU') + 1 - SH]. Substituting the first equation into the 
second and rearranging terms, i{//) = (d + — p^ff)V\f-l ~ P^^f)\, 

which may be solved for //. The left-hand side of the equation is, by assumption, monotone 
decreasing in H, while the right-hand side is strictly increasing in //. It thus follows that 
the stationary loci can intersect only once. Since the right-hand side of the equation 
approaches infinity as // approaches this implies that < YiSp) ' and 

hence that 7® < YJp. Hence the phase diagram of the system must appear as is figure 1. 
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“Unhealthy” individuals (those for whom < H’^) will therefore 
build up their stock of health capital during their early and middle years 
and let it decay during old age. This will be achieved by investing heavily 
in health in the early years, presumably via nutrition and exercise, with / 
decreasing steadily throughout the individual’s lifetime and reaching 
zero sometime before death. 

What is perhaps a more typical case occurs if the individual is in good 
health at the beginning of his lifetime (11^ > //*). The optimal plan in 
this instance is to allow the stock of health capital to decrease steadily 
over time. The corresponding path of investment will not, however, be 
monotone decreasing. For 7'sufficiently large, the optimal strategy is to 
increase the amount invested in health to a peak in the early years of life 
and let it decline steadily thereafter. This initial buiklup ol'V is necessary 
to insure that the health stock docs not decline too fast for long-lived 
individuals. 

The results of figure 1 suggest an interesting parallel between invest¬ 
ment in health capital and investment in human capital. In the human- 
capital literature (see Blinder and Weiss 1976), the time devoted to 
acquiring productive skills usually declines over the life cycle as the 
period over which returns are received decreases. This phenomenon also 
occurs above. Investment in health decreases as ileath ajtproaches and 
the marginal benefits from increasing the stock of health capital (/t) 
decline. Regarding the behavior of human capital, the individual usually 
builds up his stock of productive skills early in lile, with the stock reaching 
a peak in the middle years and decreasing thereafter. This is also true of 
health capital if the initial endowment of health is low (//q < 11"'). 
However, since the decision to invest in health is presumably made during 
adolescence or early adulthood, it is very likely that the slock ol'health 
capital at that time will be high and will decline steadily throughout the 
individual’s lifetime. 

It should also be noted that the paths of investment in figure 1 contrast 
sharply with the results obtained by Grossman (1972) regarding life-cycle 
behavior of investment in health. A point emphasized by Grossman is 
that investment in health will be positively correlated with age as long 
as the elasticity of the marginal efficiency of health capital is less than one. 
This conclusion is reasonable if investment in health is interpreted to 
mean expenditure in the event of illness, since individuals are more 
likely to be ill when they arc old than when they are young. It is less 
likely, however, that preventative medical expenditures will increase over 
time, since investments made late in life yield returns over a shorter period 
than investments made early in life. In the context of Grossman’s model 
a portion of investment in health may be interpreted as recuperative 
expenditure, and hence it is reasonable that investment in his model 
should increase over time. In my model, on the other hand, investment 
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in health must be interpreted solely as preventative health care, since 
expenditure in the event of illness is a random event. Hence it is reasonable 
that I decreases over the life cycle. 


C. Investment in Health When Death Is Endogenous 

It should be remembered that all of the preceding results rest on the 
somewhat restrictive assumption (hat the stock of health capital in no 
way influences the time of death. A more reasonable assumption is that 
death occurs when the health stock falls below some level /7, where 
f) < H. This definition of death requires, however, that the assumptions 
regarding R be altered slightly. It is now assumed that R is independently 
and identically distributed for all / over the interval [/?. cc').’” Death, 
which occurs when H, falls below /?, is therefore equivalent to being sick 
100 percent of the time. This assumption may conllict with the observation 
that some persons prefer being invalids to dying; however, it is hard to 
define death in a more “realistic" way which is also aniilytically 
convenient. 

If this definition of death were incorporated into the model above, T 
would be determined by the condition //j- = /?, and the individual would 
clearly choose to live forever. The choice of a finite lifetime can. however, 
be explained by allowing the rale of depreciation of the human capital 
stock to increase as the individual ages, a device first employed by 
Grossman (1972). If the health stock decays fast enough, desires for 
present consumption, together with the individual's budget constraint, 
will cause him to live a finite life. 

Unfortunately, if c) is a function of time, the model of Sections A and B 
is no longer autonomous and the analysis becomes complicated. It is 
nevertheless possible to say something about the paths of investment and 
health capital for the case in which the individual is risk neutral. Let us 
therefore assume that the individual solves the control problem 

max e-'’'F(H){Y - pi) dt (18) 

'-T Jo 

subject to the constraints II — I — 3II, 0 < I < Yfp, and //j = R- 

Since the Hamiltonian function 

I£ = F(H){Y - pi) + i/t(/ - 3II) (19) 


The expression F{H) is now redefined as 

JJ'/(/7) dn. 


0 
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is now linear in /, the individual will set 


7 = 0 if - pF{H) < 0, 
7 = 1 if ^ - pF{H) > 0, 


( 20 ) 


where i/> is the value of a unit increase in H and \j/ — pF{H) may be 
interpreted as the net yield, measured in utility terms, of an additional 
unit of investment. In the intermediate case in which 1 /' — pF{H) is zero, 
any value of I in the interval [0, Y/p] is possible. The optimal I is deter¬ 
mined in this case by differentiating \j/ — pF(H) with respect to time, 

- pF{H)] = ^ - pF'{n)H = 0, (21) 

di 

and substituting for H and i]/ from equations (3) and (22), both of which 
must hold along an optimal path. The resulting equation, (23), may be 
solved for 

il) = tl,{8 + p) - F'{H)(y - pi), (22) 

■ 't . = ^(/■/), (23) 

Y - p8n 

and the optimal health stock, //,*, and investment, /,*, may be found in 
turn from the state equation / = 811 -I- //.’ ' 

The important question, of course, is how 77,* and 7,* vary over the life 
cycle. As in Section IIB the analysis below is confined to the case in which 
7, > 0, except at the time of death. 'I’o describe the behavior of health 
capital over time, equation (23) is graphed in figure 2. The left-hand side 
of the equation is monotone increasing in 77 and discontinuous at 
77 = l’(/i<’))~', while the right-hand side is a decreasing function of 77 
which either intersects or is asymptotic to the line through 7?. Since 
initially <5 will be small, it is likely, unless the cost of investment is very 
high, that Y{p8)~' will exceed 7?, thus guaranteeing a unique solution 
for 77*. As the individual ages and his health capital decays at a faster 
rate, y'(5^)”* grows smaller and p{8 + p){Y — p8H)~^ shifts graph¬ 
ically upward. Thus, as expected, the optimal stock of health capital 
decreases monotonically, with the precise rate of decrease given by 

‘' In determining the paths /,* and 77,*, a problem arises if the solution to (23) is not 
unique or if the value of /,* implied by (23) violates the constraint 0 < 7 < Yjp. Fortu¬ 
nately, the assumption {'(77) < 0 guarantees that 77,* is unique. It can also be shown 
that 7* < i'lp (see n. 12 below); however, the possibility that 7,* = 0 cannot be ruled 
out. 
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equation ( 24 ) ;'^ 

fi. ^ ^P\mn) + 1] (24J 

{'(W)(r - pbH) - ^{H)dp 

As long as S continues to increase over time,'+ p)(i — pSH) ‘ 
must eventually intersect ^(JI) at tJ — /?, or, i(j is asymptotic to /?, 
Pi must exceed Y{bp)~', implying that an optimal H* does not exist. In 
cither case, death occurs in finite lime. It should also be noted that the 
proportion of time that the individual will spend ill increases as the 
individual ages, due to the fact that as the stock of health capital falls, 
the probability of being ill at any instant rises. 

As indicated above, once the optimal stock of health capital is known, 
investment in health may be obtained by solving equation (3) for /*, 

/* = //* + ( 5 //*.“ ( 25 ) 

‘^An important result of figure 2 i.s that I* < Yip, which guaiantces that the 
individual always has a positive level of consumption. As figure 2 implies, (5//,* < f/p, 
however, if Hp < 0, /,* < dHp, implying /,* < Vjp. 

‘ ^ Equation ( 25 ) holds, strictly speaking, only when / > 0. If / = 0, equations (23) 
and ( 24 ) no longer apply and the individual is said to be in a blocked interval. However, 
conditions may he placed on the path of 5 through time to guaramee that the individual 
will never be in blocked interval, except at the time of death. 
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The behavior of/* over the life cycle is then determined by differentiating 
(25) with respect to time, 

/* = //♦ + SH* + (5//*. (26) 


Unfortunately, previous assumptions no longer guarantee that 1 is 
unambiguously negative after some point in the life cycle, as was the case 
in IIB. The explanation for this is simple: Even though marginal licnefits 
from increasing the slock of health capital, t/t, decline over time, replace¬ 
ment investment, 6H„ may increase as a result of ^ > 0. Hence it is no 
longer necessarily the ease that / < 0. 

Before leaving figure 2 it is interesting to examine how the stock of 
health capital varies among individuals in different income classes and 
among individuals living in different environments. .An immediate 
implication of the diagram is that among individuals with different 
incomes who arc otherwise identical, wealthier individuals will maintain 
higher stocks of health rapital than poorer persons. This implies, through 
the function 1 — /'’(//), that low-income individuals, ceteris paribus, 
will spend more time ill than their wealthier counterparts. 

A less obvious implication of equation (23) is that person,? who live in 
[lolluted environments will choose to maintain lower stocks of health 
capital and, for this reason, will be ill more often than individuals who 
live in healthier environments. One way to capture the effects of pollution 
is to say that health rapital deteriorates faster, that is, that (5, is higher, 
the more polluted the environment. This implies that pollution has a 
cumulative deleterious effect on health which, if not offset by investment 
in health, will cause individuals to be ill more often ;\nd die sooner in a 
high-pollution area. Since < 0, the model shows that individuals 

will not fully ollsct the elfects of pollution by investing in health, and 
hence that the optimal health stock will be lower the more polluted the 
environment. 

Finally, the model suggests that individuals who are more likely to 
become ill will com|)cnsatc for this fact by maintaining higher slocks of 
health capital. In the language of IIA, individuals who have a higher 
probability of being ill (for a given //) have distribution functions F[fl) 
which lie below' those of individuals who are less likely to be ill. To see 
how this affects the optimal stock of health capital, let us consider the 
family of density functions 


f{fJ) 



n >Q 

, a > 1.“ 

/? < 0 


(27) 


This family satisfies the condition ^'{H) < 0, and has the intuitively 
appealing property that small values of fJ arc more likely to occur than 


* * Without loss of generality, H is assumed to be measured as a deviation from /?. 
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large values of H. The corresponding distribution function is given by 


Since 


F(H) = 1 - 


dot 


He-’K 


(28) 

(29) 


is positive for // > 0 , an individual for whom a is small has a lower 
probability of being well for any H than a person for whom a is large. 

The optimal health stock depends, however, on ^(H), the ccmdilional 
probability density of illne.s,s. For the distribution function (28), 


and 


C{ll) 


H{H) 


- - 




(I - 


(30) 

(31) 


which is negative for // > a:"'. Thus in terms of figuie 2, ^{II) svill be 
higher (except for small values of U — /?) the lower is a. This implies, 
in particular, that individuals who arc more likely 10 be ill will maintain 
higher stocks of health capital. 


III. Occupational Choice as Investment in Health 

.After analyzing whaI is conventionally meant by investment in health, let 
us now examine a more subtle way in which an intlividual alfecls his 
slock of health capital - namely, through choice of occupation. In this 
section the problem facing the individual is one of trading higher wages 
for greater exposure to a pollutant which has deleterious etTeels on the 
worker’s liealth and increa.ses the probability that he will die at an earl\- 
age. Tills type of Irade-ofT is especially impoiTant in iiKlu.stries such as 
coal mining and asbcsto.s inamifaciurin.g; indeed, a major justifiration 
for the present model is the insights which it yields into the det ision to 
work in such occupations. 

A. The Model 

In order to focus on the problem of occupational choice, we shall assume 
at each t that the individual has L of labor which he divides bctw<'en a 
“healthy” occupation (farming) and an “unhealthy'' occupation (coal 
mining), which pays a higher wage but c.xposcs him to a potentially lethal 
pollutant. If L, denotes the number of hours worked in the unhealthy 
occupation, then the individual’s income at t may be written 

}’, = i + teZ,,, 


(.32) 
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where w represents the wage differential between the two occupations 
and the wage in the healthy occupation is taken without loss of generality 
to be one. As the individual works in the unhealthy occupation he is 
assumed to absorb a pollutant, such as coal dust, at a rate of d units per 
hour. The rate of change in the pollution stock is thus given by 

P = bL - <nP, (33) 

where a is the rate at which the stock decays. 

Income and the pollution stock affect the individual’s utility in the 
following way. If the individual is alive at time t, he receives utility from 
income according to the strictly concave and increasing function U{Y), 
where U{-) has the properties listed in (4). If the individual is dead, 
income is zero and no utility is received. Although by assumption the 
pollutant has no immediate effect on utility, a sufficiently high con¬ 
centration of tlie pollutant will cause death.* ^ Formally, death occurs if 
P ^ P, where P is the lethal dose of the pollutant. We shall assume that 
there exists a true P which docs not change throughout the individual’s 
lifetime but which is unknown to the individual. Subjective beliefs about 
P at time 0 arc rcllectcd in the probability dcn.sity function g{P), which is 
distributed over the interval {Pq, oo) with g{P) > O.'* As time passes, 
the knowledge that the individual has not yet died provides information 
whicli may be used to update the distribution g{P). It is shown in 
Appendix B tliat if the worker revises his beliefs about P at some time t, 
T > 0, the path of employment based on these updated beliefs will be 
consistent with the path of employment chosen at 0 . 

The above assumptions imply that the probability that the individual 
dies at I is (j{P,), where (!{•) is the cumulative distribution corresponding 
to g{P). However, for the purpose of computing expected utility, it is not 
the probability that the individual dies at t but the probability that he is 
alive at I which is of interest. The probability that the individual is alive 
at i is computed in Appendix A by noting that the event “the individual 
is alive at t" is equivalent to the event “the individual docs not die prior 
to 1." As is shown below, the probability that the individual docs not die 
prior to t is the probability that P exceeds the largest value of P in the 
interval [0, 1 ]. Hence 

F(alive at t) = | ^ g{P‘) dP = A ( max F, 

Jostsi \osr<i 

By controlling the size of his pollution stock the individual thus affects 
the probability that he will live or die and in turn determines his expected 

* * Many industrial pollutants do^ ot course, have iiniocdiate side effects, which suggests 
that utility should depend on P as well as on Y. Unfortunately, the case where U =* 
U{Y, P) is intractable, for reasons that will become clear below. 

Since it is assumed that P remains constant throughout the individual’s lifetime, 
the knowledge that the individual is alive at ^ = 0 implies that Pq < P. 
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Utility, 

EU, = U{Y,)\( p). (35) 

\os,<< / 

The interesting question is how the relationship between the pollution 
stock and expected utility affects the individual’s choice of occupation. 

Formally, the problem of occupational choice consists of selecting a 
path L, to maximize discounted expected utility 

\ e-<“U{Y)A( max p\dt (36) 

Jo \0SIS/ J 

subject to (33) and to the inequality constraint L > L > 0. As equation 
(36) implies, the individual is assumed to die at T from “natural causes’’ 
if he does not die sooner as a result of his job. 

The analysis of equation (36) is complicated by the fact that instan¬ 
taneous expected utility depends not only on the ctirrcnt value of the 
pollution stock but on all previous valuc.s of P as well. However, the 
objective function may be simplified by showing that the optimal pol¬ 
lution stock never decreases, and hence that 


A 



= A(/^). 


To see this, note that in equation (36) P affects utility only by altering 
the probability that the worker is alive. Since the probability that the 
worker is alive at t is the probability that P exceeds the largest value of P 
in the interval [0, tj, the individual can never increase his utility at (, or 
at any time following (, by setting P, < 0. Since this argument holds for 
any t, the optimal pollution stock can never decrease and 


A 



ME.)- 


With this simplification, equation (36) may be v/ritten 


(37) 


I’ e^'”A{P)U{L + wL) dt, l38) 

and the problem of occupational choice is seen to be analogous to the 
problem of investment in health studied in Section IIB. 


P. Life-Cycle Behavior of Employment and Pollution 

Note that in simplifying (36) an important result has been obtained, 
namely, that P, never decreases. While intuition might suggest that an 
individual working in a risky occupation would build up his pollution 
stock when he was young, allow it to decrease later on in life, and possibly 
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return to the risky occupation in old age, the model indicates that as long 
as the individual suffers no immediate discomfort from the pollutant, 
nothing is gained from allowing P to decrease since decreasing P cannot 
increase the probability that the individual will live. This suggests that 
individuals will take “recuperative breaks” from an unhealthy occupation 
only if the pollutant decreases their instantaneous utility. The fact that 
the job increases the probability of death is not, by itself, sufficient reason 
for leaving the occupation. 

A related question of interest is how L„ the path of employment in the 
risky occupation, varies over the life cycle. Two cases may be distinguished. 
If initially /•’q = 0 and /.g = shown that the individual 

will never work in the risky occupation.' ^ On the other hand, if the wage 
is high enough that Z-g > 0, ec|ualion (33) and the condition ^ 0 
imply that tlie individual will always work some amount of time in the 
ri.sky occupation. The path of employment in the latter case may be 
derived from the results of Section IIB by noting that a high stock of 
pollution is equivalent to a low health stock, while an increase in invest¬ 
ment in health (/ > 0) corresponds to a decrea.se in the number of hours 
worked iti the risky occupation {L < 0 ).'® Since /* > 0 (// S 0), only 
paths analogous to (2) and (4) in figure 1 are possible.'” Thus employ¬ 
ment in the risky occupation will begin at Lg > 0. decrease as the 
individual grow's older, and then increase as tetirenient (time T) 
approaches. This itnphes that an individual who chooses to work in an 
unhealthy occupation will expose himself to large amounts of pollutioti 
early in life, decreasing his exposure in middle age to prevent loo rapid 
an accumulation of the pollutant. As the individual grows older, the 
negative effects of pollution last for a shorter length of time and employ¬ 
ment in the lisky occupation increases. Tlius, even though the optimal 
pollution stock never decrea.ses, the amount of time worked in the risky 
occupation does decrease during the life cycle to prevent P from increasing 
loo rapidly. 


' The e.oiKliUon which delerininrs L as a fuiKtion of k and P is wU'{Y)\[P) -f 
bX < 0 Heme if [tef^'(/,)/A| < —.to, Tq = 0. .\s fong a.s = 0, how'es'er, it can he 
sh(»wii that A (!<■( rt*aM*s fiver time and hence that — A, increases in absolute value. Hence 
if Lo “ (hrieaftei. 

for a cnniplelr analysis of the solution to (3H) the reader is referred to (^roppi-r 
(197b), 

‘ 'I’he fact that paths coi responding to (1) and (3) are no longer possible implies that 
there is an importuni ditreience between the models of Sections 11 and IIJ. The difference 
is in the nature of the landoinnrss in each mcxlrl. In Si-ction II the probability that the 
individual is well at / is, by assumption, independent ofthe probability that he is well at t'. 
Hence by setting // < 0, the individual can always increase the probability of being well. 
In Section HI, however, the probability of being alive at t is not independent of the 
probability of being alive at f ; in fact,/*(alivc at/) < P(alive at/ ’), where/' < /. 1'hus 
the individual can nevei increase the probability that he is alive at t by selling < 0. 
For this reason ^ 0, and one of the two strategies which is possible in Section II is 
ruled out in Section 111. 
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In addition to the above conclusions, the present model has interesting 
implications for an important real-world problem. Frequently, it is learned 
that a job previously thought to be harndcss actually exposes workers to a 
dangerous pollutant. An important question is how workers shotild 
optimally react to this information, assuming they have already ingested 
significant amounts of the pollutant but also assuming that they suffer 
no noticeable side effects from it. A commonly held view is that workers 
should leave the unhealthy occupation in an attempt to nrutrali/.e the 
elfccts of the pollutant. In many cases, hosvcver, workers arc observed to 
remain in risky occupations after being warned ol the dangers involved. 
The model suggests that this hehavior is indeed optimal. By analogy with 
figure 1, when T is “small” the worker will at fiist rrduce the number of 
hours worked in the iinlicalthy oceupalioii; however, /. will eventually 
increase, with the individual working full time in the risky occupation as 
retirement approaches, rhiis the individual’s failure to decrease his 
exposure to risk need not be the result of myopia or lack of employment 
opportunities but may rellcct a rational decision. 

IV. Conclusion 

Thi.s paper has presented two motlels of investment in health which 
explicitly recognize the random nature of illness and death In the first 
model the demand for preventative medical rare (checkups, dietary 
supplements, etc.) is derived from the more basic demand fiir health 
capital. Individuals desire to inerea.se their slock of health capital in order 
to decrease the probaliility of illness. 'I'his is because an individual, when 
ill, receives no utility from consumption; hence invr.siment in health 
increases expected utility ofconstiinplion. Against this increase in expected 
utility the individual must balance the cost ol invesling in health, which 
depends on the price of medical services, the rate ol depreciation of 
health capital, and the individual’s subjective discount rate. 

The important question, of course, is how investment in health and the 
optimal health stock vary throughout the life cycle. In human-capital 
theory, individuals usually invest most heavily in iheniselves when they 
are young, with the amount of time devoted to training dcclming steadily 
thereafter (sec Blinder and Weiss 1976). If the time of death were known 
with certainty, one would expect that investment in health would also be 
concentrated at the beginning of one’s life and decrease as the time of 
death approached. If the conditional probability of illness is a decri'asing 
function of the health stock, this is in fact the case. However, a major 
difference between investment in human capital and investment in health 
is that in a model of health capital the lime of death cannot be treated 
as exogenous. This problem is remedied in Section II by assuming that 
death occurs if the individual is ill 100 percent of the time. If one also 
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assumi.-b that the rate of decay of health capital increases with age, then 
it can be shown that the individual will live a finite life and that liis stock 
of health capital will decrease as the time of death approaches. This, in 
turn, implies that the fraction of time spent ill increases as the individual 
ages and that recuperative medical expenditures should, therefore, 
increase. Prcvenlalivc medical expenditures, on the other hand, may 
decrease as the individual ages. 

In the second model, investment in health is related to occupational 
choice (iasual observation suggests that for individuals with a li.xed slock 
ol human capit.il there is olien a trade-off between earning higher wages 
;md working in an unhealthy environiiient. I'his tradc-olf is especially 
iinpoi tatit when the higher-paying job exposes the worker to an industrial 
pollutant such as asbestos, which in sulliciently high concentrations can 
cause death. In the model of Section 111 the inthvidual must choose 
between a ‘safe’’ oct iipation which has no ellecls on health and a highcr- 
payitig occu|)ation which exposes the worker to a potentially lethal 
pollutant, liu reases in the stock ol the pollutant increase the probability 
ol death; heme the worker must trade the op[)orlunity to earn a higher 
imoine ttgainsi .in incictised piobabilily of dying. 

H it is assumed that the polliitiint does not yield immediate disutility to 
the workei', it c.m be shown that the optimal pollution stock neser 
(let leases anti that the woi ker if he es'er works in the risky occu|)alif)n will 
• ilw.iys expose himself to soim- amount of pollution. 'I'his imjslies, in 
pailieiihir, that an individmil who htis been working in an occupation 
whnh is discoveietl to be ha/:arilous to the health neeil not (juit the 
o(<u|)ation once he is informed of the dtmgeis to his health. Thus wlutt 
u|)on casual obseis’.ition may appear to he iritilional behasior is shown 
by our moilcl to be consisieni with lational decision making. 


Appendix A 

I'tt toinpule the jso^b.itiility lhai the indisidtial is alise at lime t, let us define tire 
eseiil. ”llie mdivtdual does not di<’ at r” tind demtle it /),: 

n, {P\P>i\\. (Ai) 

Situc (lie [juibiihililv lhal the individual is ali\c at t is Lhr probability that hr has 
not difd a I aii\ iiinc up to and iiu ludini^ ^ 

Ttahve at ^ /d f) ■ (A2) 

(osoi, I 

Not<\ howovci', that because the lethal dose of the pollutant docs not change 
throughout the mdividuars lifetime, 

n - (^1^ > max . (A.3) 

Ostsf [ osTsr j 
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Thus 


Hence if 


( n 4 ) = r g{P) dP. 

\osrif / Imaxp, 


A(^) = j* g(P) dP, 




(A4) 


(A5) 


Appendix B 


'I he purpo.se o( (his Appenclls: is lo show (hac (he optimal j)alh of eniploynicm in 
Section III allows (or icvimoii of expectalion.s about A (he lethal dose of the 
industrial pollutant. I’he method of pro<if follows Lent? (1975). 

Let ffiP I A) he tlie densitv function over A given that A of the pollutant lias 
already accumulated and that death has not >ei occuned. 

One ma>' likewise define 

AiP,\P,) = J g(PlP,)dP (Bl) 

lo be the piobability chat ihe lethal close is at least of size given that /*, of the 
polktlaiu has aecuniulated lo date. 

The question is vshcthei' the path Z,,, wliieb maximizes 


subject lo 


J' 


10)t/(£ + wL) ,H 


F = hL - ixP, 

£ > b > 0, 

Pq BAcii, 


(BZ) 


(B3) 


is toiisislem with the path eliosen at lime provided death has not \el occuned, 
to maxiiiiicc 

j' r-"<''-"A(/', I P, )V{f. h wL) dt (B4) 

subject to (1)3). 

Since AfPj, Pf' I 0). the joint foohabilily that P > P, anti P > P/n ecju.als 
A(/’, j 0) foi P, > expectations will be revised aceoi dmg to 


A(P,\P,-) 


A{P, I 0) 
A(P,' 1 0) ■ 


(B5) 


It thus follows that, given Pj', the revised probabililv ol being alive differs from 
the initial probability only by a mulliplicaiive constant, and (BJ) and (B4) will, 
theicfore, yield identical solutions. 
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Inflationary Finance and Growth 


Bijan B. Aghevli 

International Monetary Fund 


The optimal rate of monetary expansion is derived for the case when (he 
government resorts to deficit financing to finance its development 
expenditure. It is argued that, while higher rates of monetary exp.msion 
increase investment and coniribule to fiilurc consumption, the con¬ 
sequent inflation imposes welfare costs by rtducing llie level of real 
balances held by the public. A theoretical framework is developed and 
its empirical implications considered by deriving the optimal rate of 
monetary expansion which maximixes the discounted (low of total 
consumption—material consumption minus the disutility o( holding 
suboptimal levels of real balances—over time. 


I. Introduction 

The policy of deficit financing ha.s been repeatedly critieixed by econo¬ 
mists, most notably Martin Bailey (1956), Robert Mundell (106.5), 
Alvin Marty (1967, 1973), and Milton Friedman (1971). I'lie basic 
argument against deficit financing has been that ihe eonsetiuetit inllation 
imposes a substantial welfare cost on the holders of real balances which 
can be measured by the area under the demand curvt; for the re;il balances. 
More recently, Charles Cathcart (1974) and Jacob Frenkel (1976) have 
looked into the dynamic aspects of the welfare cost of inflation when the 
inflation expectations adjust with a lag to the actual price cleveloprnenl.s. 
In most of the literature concerned with inflution.ary finanrr, however, 
there is no explicit specification of the impart of the government rxpendi- 

The work on this paper was in pari carried out while lh<* auihoi’ w.ts a i(“scarfh iellow 
on the International Monetary Research Programme at the London School of l.coiiomus. 
Grateful acknowledgment is given to Harry Johnson, wlw»se comments on an e.ulni diafl 
resulted in substantial improvements of the paper. The aullioi n also gi.itelul to (»< oTge 
Boris, Michael Mussa, and Alexandre .Swol>ocla for valuable eoinnienis and sugg< stions. 
The views expressed and all the remaining errors arc the sole responsibiliiy of the auihm. 

[JottrnaJ of PoIUkoI Economy, 1977, vol. ffi, m>. 6) 

C- 1977 by The University of Chicago. AU riKhis rpvrvril. 
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lure on the real sector. If one is prepared to argue that in many of the 
developing countries, due to an inadequate tax system, the major portion 
of the developmental programs has to be financed by an inflation tax, 
then the welfare cost of inflation should be directly compared to the 
benefits associated with these programs. Mundell (1965) has developed a 
model in which government receipts arc used for production of capital 
goods, thereby raising the real rate of growth. Assuming a constant 
capital-output ratio, Mundell shows that maximum growth is achieved 
when the rate of monetary expansion is set to maximize the real govern¬ 
ment deficit. Mundell then argues that for plausible coefficients the 
maximum rate of growth achieved by deficit financing is rather small, 
while the welfare cost of inflation is quite large. This argument, however, 
overlooks the fact that even small increa.ses in the rate of growth of output 
could be quite significant when the corresponding increase in the level 
of diseounted consumption over time is considered.' 

The pur|iose of this [)a[)cr is to generalize the Mundell analysis in order 
to derive the optimal rate of monetary expansion for the case when the 
government resorts to deficit financing to generate additional investment. 
'I’he analysis differs from the Mundell framework in some of its key 
elements. Following Johnson (1967), the utility of cash balances is viewed 
as a substitute for material consumption and is thus included in the defini¬ 
tion of total consumption. The optimal rate of monetary expansion is 
tlicn dei ivctl in oixler to maximize the discounted flow of total consump¬ 
tion- material consumption minus the disutility of holding suboptimal 
levels of teal balances. I'he formal model is developed in .Section II. The 
empirical implications of the model are considered in .Section III, by 
sidjstituting plausible values of various parameters of the model. It is 
shown that, under certain assumptions, a case can be made lor a certain 
amount of deficit financing leading to moderate rates of inflation. .Some 
dynamic aspects of the analysis arc briefly considered in the concluding 
section. 


11. A Model of Inflationary Finance and Growth 

In order to incorporate explicitly the role of government in the produc¬ 
tion process, a simple neoclassical growth model is developed in which 
output per capita, p’, is assumed to be an increasing function of the 


' .\ssuiiiitig a value uf 3 for the inflation cocfHcient, iho corresponding rate of monetary 
expansion tlerued by Mundell is 33.3 percent. For plausible values for velocity and 
capital-ouipul ratio, Mundell shows thal ihe corresponding rale ot gruwtli is 0.8 pel cent 
per annum. For a country with .1 I percent real growth rate (not an unlikely figure, if we 
consider some of the less foi tunate developing countries), however, this implies an 80 
percent rise in the growth rate it.seli, which is by no means trivial. This was first pointed 
out by Johnson (1967, p. 289). 
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capital-labor ratio, k, according to the following Cobb-Douglas produc¬ 
tion function: 


y =m = 1 >/?, > 0 . ( 1 ) 

It is further assumed that private savings which arc channeled into private 
investment are a constant fraction, s, of total output. While tliis relation 
might be regarded as too simplistic, it will serve as a good approximation 
for our piirpo.ses.^ If the marginal propensity to save is very low, the 
steady-state level of consumption will fall considerably short of the 
Golden Rule level. Tlie autliorities might then wish to augment private 
capital formations if they believe that (1) the private rate of discount is 
greater than the social rate of discount^ and (2), if due to imperfections 
in the capital market, the private rate of return on investment falls short 
of tlic .social rate. The latter issue is probably of more importance, since 
the shortage of private savings and investment in the developing countries 
is for the most part due to imperfections in the capital markets. 1 he 
planning authorities might find it more efficient to undertake the neces¬ 
sary capital expenditure than to cnga,gc in (he long and slow proce.ss of 
removing bottlenecks in the capital market. Moreover, the governments 
might argue that they arc in a better position to decide on (he relative 
merits of different investment projects than is the private seelor. C learly, 
many of these issues are debatable anti are ibe subject ol intensive research 
in the literature.* My purpose here is to locus on the case iu whicli the 
government is forrecl to resort to deficit financing as the main source of 
its capital expenditure. Some of the implie.itions oi these factors uill be 
considered later in the paper. 

Assuming that an inflation tax is used as the only source ol government 
capital expenditure, the level of capital formation per head provided by 
the authorities is given by pm, where p denotes the rate ol monetary 
expansion and m denotes the level of real balances per capita, total 


^ For a critique of the simple Keynesian savings fuiution, see .lolmson (l'J(i7). In an 
alternative fonnulalion propifted by Tobin (IW')) amt Johnson, the savings hinciu.M is 
specified as a function of "clispiaablc ineoiiic’' which incluiles the .uidil.ons to the pulaii s 
holdings of real balances a.s well as the value o( output. Ill this fonnulaticin, a rise in t le 
rate of monetary expansion would reduce total savings even though im < V( o pnva e 
capital rurmation ir.r,cased. That is, the im/ease m the latr of jnnalmn would men asc 
the public’s desired ratio of monetary wealth to capital. As ihe private sector attc inpis o 
restore its desired portfolio of monetary to norimoiietaiy wcallh, savings in the " 

capital formation will increase. For a survey of these issues, see Dorrilmsih and Fienkel 

(1973). 

" It could he argued that governments, compared with individuals, should give more 
weight to future generations’ wrilare, leading to a tower lali ol soci.i c 
private rale. The i.ssue of the appropriate rate of discount is .subject to nun h debaie m hi 
growth literature (see Baumo) 19fi8), and it will not be developed lurihe. ti. iiv 
* F’or a di.srus.sion of some of these issues in a more pracliea contex , si e 
Mirrlcs (1974). 
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capital formation per capita (private as well as government) is given by 
expression (2): 

s/(i) + pm. (2) 

Further, imperfections in the capital market are likely to add to the im¬ 
portance of money as a store of value. That is, given the limited availability 
of financial assets, the public holds most of its wealth in the form of money 
or nonproductive physical goods (i.c., land, jewelry, etc.). The opportunity 
cost of holding money is then captured mostly by the expected rate of 
inflation, n, as the relevant substitution is between money and real goods 
(as opposed to capital).^ The demand for real balances per capita, m, 
can be written according to the following Cagan-type function: 

«o. “i > 0- ' (3) 

The public in general will not fully anticipate the inflation rate in the 
short run as expectations of inflation adjust to the actual inflation with a 
lag. The divergence between the actual and anticipated inflation leads to 
various costs associated with the distribution of income and resources. 
Some of the implications of these costs will be discussed later, but for now 
it is assumed that inflation is fully anticipated, in order to avoid the 
complications associated with tlie adjustment of price expectations. In 
tlie steady state, however, the anticipated (as well as the actual) inflation 
is given by the excess of the rate of monetary expansion, p, over the 
exogenously given rate of population growth, 2? 

n = p - X. (4) 

Using expressions (2), (3), and (4), the following relationship can be 
written, where a dot denotes the time derivative: 

k = sj{k) - Xk (5) 

■ f .. = I + pr{p) 

g{p) = 

The term g{p) is the inverse of velocity, and the term can be thought of 
as the efl'ective savings ratio, which can be altered by changing the rate 
of monetary expansion. As the rate of monetary expansion increases, the 

If one allows for substitution b<'twcen money and capital, the real rate of interest 
should also be considered as an argument for the demand for real balances, since its 
omission would lead to suboptimal holdings of real balances at zero rate of inflation (sec 
Frenkel 

* In the absence of technological improvement, the steady-state rate of growth of out¬ 
put IS gi\'en by the rale of population growth. It should be noted that technological 
growth oi the Harrod neutral type could easily be incorporated in the model by redefining 
labor in terms of “efficiency units.” 


where 

and 
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effective savings ratio rises up to the point where government revenue 
from the inflation tax is maximized (i.e., p = 1 jct^), and then it begins to 
decline toward the private marginal propensity to save, s, as the real 
government revenue from the inflation tax approaches zero. 

Consumption per capita can be written as a function of the rate of 
monetary expansion and the capital-labor ratio. 

« =/W[l - ^ - pg{p)] =f{k)[\ - O. (6) 

By setting (5) equal to zero and substituting into (6), the steady-state 
consumption can be derived as a function of the steady-state capital-labor 
ratio. Consequently, the steady-state level of consumption can be written 
as a function of the rate of monetary expansion.^ 

The analysis above shows how the authorities can increase the level of 
consumption per head by creating forced savings through deficit financing 
and spending the proceeds on capital formation. But this process can 
induce substantial rates of inflation, increasing the opportunity cost of 
holding money relative to goods and leading to a reduction of real 
balances held by the public. Insofar as real balances provide the public 
with services, the fall in real balances implies a reduction in the utility 
yield of these balances which should be accounted for. That is, if money is 
viewed as a form of consumer capital good yielding a flow of utility, then 
a proper definition of consumption should include the services of money 
as well as services of goods.® On the other hand, money can be viewed as 
a producers’ capital good and put directly into the production function.’ 
As Johnson (1969) has shown, the two procedures lead to qualitatively 
similar results. That is, in both cases a fall in real balances will reduce 
immediate consumption. In the latter case, the reduction in consumption 
is due to the fall in output, while in the former case it is due to the fall in 
utility yield of money which should be included in (he appropriate 
definition of consumption. Thus in both cases the fall in immediate con¬ 
sumption due to the fall in real balances can Ire compared will: the 
change in future consumption associated with the change in the rate of 
capital formation. 

’ Substituting eq. (1) into (5) and setting! = Ogives 

The expression of k above can be substituted into eq. (ft), vshirh givi s erp (7). 

® The concept of regarding the utility of cash balajices as .a subsiituie ior niau-iial 
consumption in a growth model was first introduced byjohnssm (1007). Johnson leg.trds 
the utility yield of real balances as well as the flow of cash balances as pat t nl the disposable 
income which augments consumption and savings. 

® See, e.g., Levhari and Patinkin (1968) and Johnson (19t>9). 



Pi/(i -di) 

fl - A(P)]- (7) 
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While real balances have been included as an argument in the produc¬ 
tion function in many of the recent theoretical papers in the monetary- 
growth literaturCj efforts to isolate this factor empirically have been at 
best preliminary. ‘ ° Thus, for the purposes of this paper, money is viewed 
as a consumer capital good-yielding utility which can be derived from 
knowledge of the demand for real balances—an area which has been 
investigated empirically quite extensively. Following the literature on 
welfare cost of inflation, notably Bailey (1956) and Marty (1967, 1973),*' 
the utility loss of a reduction in real balances is derived by integrating the 
demand for real balances under the assumption that the marginal utility 
of consumption is constant. This will also allow a comparison of the results 
of this study with those of previous authors. Let q denote the loss in 
utility associated with a reduction of real balances from m(0), correspond¬ 
ing to zero rate of inflation, to m{n), corresponding to n rale of inflation. 
Using equations (3) and (4), the following expression is derived for q: 

,? = J n dm = f{k) ~ j ’ 

Total utility can then he deflned as the utility of consumption of goods 
minus the utility loss as.sociated with the reduction in real balances. 
Assuming that the marginal utility of consumption is constant, the utility 
loss associated with the reduction of real balances can be thought of as a 
loss of substitute consumption goods.'^ Total utility, u, can then be 
written as the total consumption of goods, c, minus the forgone services 
of real balances, q. From equations (6) and (8), it follows that 


where 


u{k, p) ^ c - q =f{k)ip{p), 





g{p)- 


(9) 


‘ ® See Sinai ami Slorkrs (1072) and the subsequ< nt comments by Khan and Kouri 
(1075). 

' ‘ Tor a detailed analy.sis of the welfare cost of infialion leading to this formulation, 
sec Bailey (195()) and Marty {10()7, 1973). It should be noted that some subtler issues 
pertaining to lh<’ adjustment behavior of expectations and real balances discussed in 
Auernheimer (1974), Caihcart (1974), and Frenkel (1975, 1976) are ignored in order to 
avoid some mathematical complexities. In principle they could be incorporated into the 
analysis. 

In a more general formulation, the marginal utility of consumption could depend 
on the welfare cost of inflation associated with the distortions in the money market. 
That IS, the social cost of providing the consumption good need not be zero, which 
implies that the gain in utility due to a change in consumption would be given by the 
integral of the product of the change in consumption limes the associated distortion. For 
the purposes of this model, these difficulties are disregarded by assuming that the marginal 
utility of consumption is con.stant. This will not be a bad approximation; see, e.g., 
Johnson (1967) and Hause (1975). 
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Here i/i(p) can be thought of as the effective consumption ratio, where 
effective consumption is appropriately defined to include the consumption 
of goods as well as the utility loss of services of forgone real balances. It 
should be noted that the sum of effective savings and consumption ratios 
will fall short of unity for positive rates of inflation, since the cfTcctivc 
consumption will be less than the consumption of real goods. 

The utility function above should be maximized over time subject to 
the dynamic adjustment of capital-labor ratio given by cciuation (.3). In 
order to avoid technical details, the analysis is confined to an examination 
of steady-state growth paths. 

Assume that the authorities discount the future stream of efl'cctivc 
consumption, u, at the social rate of discount, d. Leaving aside the difficul¬ 
ties associated with the determination of the social rate of discount for 
now, this implies the following maximization process: 

Maximize 


subject to 


(* U 

Jo 


u{k, p)e~^' dt 


k = A(p)/(A) - U. 


The modified Golden Rule solution of the maximization process above 
can be shown to be determined by the solution of equation (10);'’’ 



¥{p) 

Hp) 


= /?, 


h'(p) 

^eip) 


( 10 ) 


It should be noted that the smaller the rate of discount, (5, the larger will 
be the optimal rate of monetary expansion. This result can be seen in¬ 
tuitively, since higher rates of monetary expanuon diminish present 
effective consumption- higher government deficits reduce present con¬ 
sumption of goods in addition to imposing a higher welfare cost of 
inflation. On the other hand, higher rates of monetary expansion incrca.sc 
present investment and, up to a point, contribute to the future stream of 


The Pontryagin maximum principle can be applied by cnnstruclmg ilu‘ tun'tnl- 
value Hamiltonian M when p denotes the dual-state variable 10 k. 

H = u(k, p) -t- pk = /{k)<l>{p) + p\Sr{p)f(k) — At]. 

The maximization conditions can be written as follows: 


^ = f(kW(p) + K(f)] = 0. 

dp 

P = - — = (S Jr k)p - J\k)[\li{p) t- p\iii]\. 


tf = ^ = sMf(k) - kk. 

dp 

■Setting i = p = 0 and solving the dynamic system above gives cq. (10). 
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consumption. Higher rates of social discount, however, put relatively less 
weight on future benefits and more weight on the present costs of higher 
government deficits, leading to lower optimal rates of monetary expansion 
and inflation. 


III. Some Empirical Implications of the Model 

In order to draw some empirical implications from the analysis above, 
some numerical estimates are provided in this section. The following 
plausible values for various parameters of the model are chosen as rough 
orders of magnitude to approximate the sorts of values one would expect 
to find in those developing countries which resort to substantial deficit 
financing; 


ao = 0.25 a, = 0.5; 1.0; 3.0 A = 0.03 

= 25 /?, = 0.25 i = 0.05 

^ = 0; 0.05. 

The parameter Xa is the inverse of the velocity of circulation of money 
corresponding to zero inflation. Parameter Pq is an arbitrarily chosen 
scale factor which measures units of output. Parameter a, measures the 
responsiveness of the demand for real balances to the anticipated rate of 
inflation, f lagan’s (1956) estimate of a, for a set of hyperinflation countries 
is about 0.5. As Bailey (1956) points out, however, Cagan’s estimate might 
be biased downward, since his sample consisted only of hyperinflation 
countries. Other estimates provided in the literature'* range from zero 
to 3 (most estimates arc less than unity), 3 being the value used by Mundell 
(1965) and consequently by Marty (1967). As will be shown later, the 
analysis is crucially dependent on the value of a,. Thus, following the 
available empirical work, three alternative values of 0.5, 1, and 3 are 
considered for at,. The /I, is the coefficient of capital in the Cobb-Dougla.s 
production function (i.e., capital’s share of the output), and A is the 
exogenou.sly given rate of population growth. 

The private savings rate, s, is assumed to be 5 percent as a typical value 
for the developing countries. Assuming no forced savings, this would 


‘ * See, e.g., a colleciion of studies m Meisciman (1970) for Chile (Deaver), Argentina 
(Diz), and Korea and Brazil (Campbell). See also a cross-scction study for 47 countric.s 
by Vogel (1974), a study of Indonesian inflation by Aghevli (1977), as well as the study 
by Aghrvli and Khan (1977). Based on these studies on the demand for money for de¬ 
veloping countries, the estimated value of ranges between zero and 3 where most of 
the estimates are below unity. 
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imply a rather high rate of private discount (i.e., 12 percent).'* If one 
believes that this is the appropriate rate to be chosen by the authorities 
for the social discount rate, then it follows that no additional capital 
formation by the government should take place. On the other hand, if one 
believes that the low savings rate in the developing countries is more a 
reflection of inadequate capital markets than of a high private discount 
rate, the authorities should use a lower social discount rate, which implies 
that they must augment private investment. While there is much debate 
in the literature on the appropriate rate of discount to be used by the 
planning authorities,' ® there are no hard and fast rules to provide us with 
an estimate of this variable. A value of 5 percent was chosen as a likely 
value for the social discount rate, <5. This would imply that the mean 
period of the authorities’ planning period is about 20 years. A zero rate 
of discount is also considered as an alternative to represent no discounting 
(i.e., the Golden Rule solution). 

The optimal rate of monetary expansion is derived by solving equation 
(10) numerically. Given the optimal rate of monetary expansion and thus 
the effective savings ratio (i.e., s + pg), the steady-state capital-labor 
ratio and the corresponding level of output arc given by equations (5) and 
(1). The level of goods consumption and the welfare cost of induced 
inflation can then be calculated from equations (6) and (8), respectively. 
The results are summarized in table 1, where optimal rates of monetary 
expansion and the corresponding steady-state levels of output, goods 
consumption, and the welfare cost of inflation arc given in columns 1, 2, 
3, and 4, respectively, for the range of values of a, and S. The last column 
represents the ratio of the welfare cost of inflation to the level of real 
government revenue from deficit financing. This ratio can be thought of 
as the ratio of “collection cost” of the inflation tax to the amount collet led. 
d'he last row of table 1 corresponds to the case when the rate of monetary 
expansion is set equal to the rate of population growth in order to eliminate 
inflation altogether. 

As the results in table 1 indicate, the optimal rate of monetary expan¬ 
sion is crucially dependent on the value of a,. For a given rate of monetary 


The modified Golden Rule .solution of the system when there is no fcnci d ^dviiigs 
is given by ihc following relationship: 

/'{k) = A -f tS. 

Utilizing the steady-state relation given by eq. (5) and employing the properties ol the 
Cobb-Douglas production function yields 


f'W = 




Equating the relationships above and using the assumed values for A and implies that 
a savings ratio of 5 percent is consistent with a 12 percent rate ol private discount. 

' See nn. 3 and 4 above. 
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TABLE 1 

OpTMAi. Rates of Monetaky Expansion 



Rate of 
Monetary 
Expansion 

P 

(1) 

Output 

J(k) 

(2) 

Con¬ 

sumption 

c 

(3) 

Welfare 

Cost 

9 

(4) 

Ratio of Welfare 
Cost to Inflation 
Tax 
? 

Pg{f(k) 

5) 

a, = 0.5: 






<5 = 0 . 

0.70 

132 

109 

2.97 

0.18 

<5 = 0.05 . . . . 

0.18 

106 

96 

0.13 

0.03 

a, = 1.0; 






^ = 0 . 

0.55 

120 

104 

2.89 

0.29 

<S = 0.05. 

0.15 

100 

92 

0.12 

0.06 

a, = 3.0: 






i - 0 . 

0.25 

102 

94 

1.21 

0.37 

<5 = 0.05. 

0.11 

98 

91 

0.14 

0.09 

n = 0 . 

0.03 

91 

86 

0 

0 


0.25; fii » 0.25; i = 0.05; fia - 25; and X - 0.03. 


expansion, lower values of a, will allow the government to extract more 
forced savings from the public, leading to higher levels of steady-state 
output. Friedman (1971) has in fact used this point to argue that the 
maximum resources made available through deficit financing are quite 
small; he uses the alternative values of 2, 10, and 20 for a,. Moreover, 
stating his impression that a value of 2 for a, “is well below the value that 
actually prevails in most developing countries” (p. 853), Friedman argues 
that, for values of parameters which are not at all implausible, a zero rate 
of inflation or even a negative one may provide the government with 
maximum revenue from the inflation tax. As already pointed out, how¬ 
ever, most of the available empirical estimates of for the developing 
countries fall below unity. Thus in general Friedman’s conclusions, which 
are based on very high (i.e., 10 and 20) values of aj, will not hold.* ^ 

The results arc also quite sensitive to the value of the social discount rate 
used by the authorities to discount future streams of consumption. This 
is a familiar problem facing those involved in cost-benefit analysis of 
development projects. While our choice of the social discount rate has 
been rather arbitrary, any formal derivation of this rate is outside the 
scope of the present analysis. 

So far, it has been assumed that there is no possibility of increasing 
other forms of taxation. However, this assumption is quite unrealistic, as 
most countries can increase taxes to some extent, in spite of the large 
“collection costs” involved. If one had a reasonable estimate of these 

It is interesting to note that a high value of the inflation coefficient, a,, implies a 
high interest elasticity of the demand for money, which is inconsistent with Friedman’s 
other assertions. 
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collection costs, other forms of taxation could be formally introduced 
into the model. It would then follow that the government should resort to 
deficit financing, as long as the ratio of the welfare cost of inflation to the 
inflation tax (given in table 1, col. 5) is less than the ratio of the collection 
costs of other taxes to the amount collected. But in the absence of any 
detailed information on the tax structure of the developing countries, 
only rough comparisons can be made. Bailey (1956) suggests that the 
collection costs of other forms of taxation, including welfare costs, com¬ 
pliance costs, and direct administrative costs Ibr countries with relatively 
poor tax administration and tax morality are around 7 percent of the 
amount collected. Assuming that the existing level of taxation, which is 
normally associated with general government consumption, is already 
close to the maximum obtainable level, any further attempt to increase 
taxes will raise the collection costs to a mucli higher figure. On the other 
hand, for moderate rates of inflation, the ratio of the welfare cost of 
inflation to the inflation tax is shown to be quite small, particularly for 
the lower values of the inflation coefficient, «, (i.e., zero to unity), which 
are most likely to prevail in the developing economies. 

IV. Conclusion 

In this paper a model of the optimal rate of monetary expansion (and 
thus inflation) was constructed for those countries which resort to deficit 
financing in order to supplement private capital formation. It was shown 
that, when costs of inflationary finance (induced welfare costs of inflation) 
as well as the corresponding benefits (higher levels of consumption asso¬ 
ciated with higher rates of capital formation) are introduced into a growth 
model explicitly, one can make a case for moderate rates of inflation. 
Moreover, when future consumption is discounted at 5 percent, the 
authorities can reach the modified Golden Rule state in which the welfare 
cost of induced inflation is likely to be less than the costs involved in 
collecting other taxes. For lower rates of social discount, however, the 
ratio of the welfare cost to the inflation tax rises substantially if the infla¬ 
tion tax is used as the only form of taxation to reach the modified Golden 
Rule state. In this case, it will not be realistic to exclude the possibility of 
other forms of taxation for raising the necessary revenue. 

The analysis is subject to a few more important qualifications. 'I’he 
assumption of a constant private savings rate might be questionable (see 
Johnson 1967), as it leads to the conclusion that all seigniorage and 
inflation-tax revenue comes at the expense of private consumption without 
affecting private savings. In a more general specification, ttic effects of 
monetary expansion on private savings could also be incorporated along 
the lines suggested by Tobin (1965) and Johnson (1967). Moreover, 
insofar as the analysis concentrates on examining mainly the steady-state 
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solution of the model, some important dynamic considerations of the 
adjustment path of prices are neglected. As has been shown by Frenkel 
(1976), since the price expectations adjust with a lag to the actual price 
movements, the welfare cost of inflation could be overstated if one assumes 
(as is done in this paper) that inflation expectations are formed instan¬ 
taneously. Also, as long as the inflation is not fully anticipated, there 
will be additional costs associated with the distribution of income and 
resources which are not captured in the framework employed here. 
Furthermore, the assumption that government spending is solely for 
productive investment will not in general be satisfied, since part of the 
increase in government spending may take the form of nonproductive 
consumption. 

In light of the foregoing qualifications, the implications of the model for 
the attractiveness of even moderate amounts of deficit financing should 
be considered cautiously. Nevertheless, the basic framework captures 
some of the important issues in this area, and it can be generalized to 
include additional real-world complications. 


References 

Aghevli, Bijan B. "Money, Prices and the Balance of Paymems: Indonesia, 1968- 
73.” ,/. Development Studies 13, no. 2 (January 1977): 37-57, 

Aghevli, Bi|an B., and Khan, M. S. “Inflation Finance and the Dynamics of 
Inflation.” A.E.R. 67 (June 1977): 390 403. 

Auernheimer, Leonardo. " The Honest Government’s Guide to the Revenue from 
the Creation of Money.” .f.P.E. 82, no. 3 (May/Jvtne 1974): .398-606. 

Bailey, Martin J. " The Welfare Cost of Inflationary Finance.” .f.P.E. 64, no. 2 
(April 1956); 93-110. 

Bauniol, William J. "On the Social Rate of Discount.” A.E.Ji. 58 (.September 
1968); 788-802. 

Cagan, Philip. "I’he Monetary Dynamics of Hyperinflation.” In Studies in the 
Qiuintiljy Theory of Money, edited by Milton Friedman. Chicago: Univ. Chicago 
Press, 1956. 

Cathcart, Charles D. “Monetary Dynamics, Growth and the Efficiency of 
Inflationary Finance.” J. Aloncy, Credit and Banking 6 (May 1974): 169-90. 

Dornbusch, Rudiger, and Frenkel, Jacob A. "Inflation and Growth.” ./. Money, 
Credit and Banking 1, no. I (February 1973): 846-56. 

Frenkel, Jacob A. "Inflation and the Formation of Expectations.” J. Monetary 
Econ. 1, no. 4 (October 1975): 403 21. 

-. "Some Aspects of the Welfare Cost of Inflationary Finance.” In Money 

and Finance in Economic Growth and Development: Essays in Honor of E. S. Shaw, 
edited by R. I. McKinnon. New York, Marcel Dckker, 1976. 

Friedman, Milton. "Government Revenue from Inflation.” J.P.E. 79, no. 4 
(July/August 1971); 846-56. 

Hause, John C. “’I'he Theory of Welfare Cost Measurement.” J.P.E. 83, no. 6 
(December 1975): 1145-82. 

Johnson, Harry G. Essays in Monetary Economics, chap. 4. Cambridge, Mass.: 
Harvard Univ. Press, 1967. 

--. “Inside Money, Outside Money, Income, Wealth, and Welfare in 



INFLATIONARY FINANCE AND GROWTH 


1307 

Monetary Theory.” J. Monty, Credit and Banking 1, no. I (February 1969)- 
30-45. 

Khan, Mohsin S., and Kouri, Penti. “Real Money Balanees as a Factor of 
Production: A Comment.” Rev. Econ. andSlalh. 57 (May 1975): 244-45. 
Levhari, David, and Patinkin, Don. “The Role of Money in a Simple Giowih 
Model.” A.E.R. 58 (September 1968): 713 -53. 

Little, 1. M. D., and Mirrlcs, J. A. Project Appraisal and Planning for Developing 
Countries. London: Heinemann, 1974. 

Marty, Alvin L. “Growth and the Welfare Co.<!i of Inflationary Finance." .l.P.E. 
75, no. 1 (February 1967): 71-76. 

-. “Growth, Satiety, and the Tax Revenue from Money Creation.” J.P.E. 

81, no. 5 (September/October 1973); 1136 -52. 

Meiselman, David, ed. Varieties of Monetary Experteme. Chicai'o: Univ. Chicago 
Press, 1970. 

Mundell, Robert A. “Growth, Stability and Inflationary Finance.” J.P.E. 73, 
no. 2 (April 1965); 97- 109. 

.Sinai, Allen, and Stockes, Houston H. “Real Money Balances: An Omitted 
Variable from the Production Function?” Rev. Econ. and Slatis. 54 (August 
1972): 290-96. 

Tobin, James. “Money and Economic Growth.” Econonuinca 33 (Oc tober 1965); 
671-84. 

Vogel, Robert C. “The Dynamics of Inllation in Latin America.” A.E.R. 61 
(March 1974): 102-14. 




Erratum 


The following note was omitted from figure 1, page 782, in the paper by 
Isaac Ehrlich entitled “Capital Punishment and Deterrence; Some 
Further Thoughts and Additional Evidence,” which was published in 
August 1977, vol, 85, no. 4, pages 741-88; “Arrows indicate approximate 
95 percent and 99 percent confidence intervals for X. Panels A and B de¬ 
pict the log-likelihood functions associated with transformations of the 
linear models used to estimate equation 1 in table 3 and equation (set) 2 
in table 4A, respectively.” 
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The Theory of EquUibrium Growth. By A. K. Dixit. 

London: Oxford University Press, 1976- Pp. vii + 204. $12.00 (cloth); $5.00 

(paper). 

Dixit has written a useful book on the theory of equilibrium growth as developed 
by economists working within the tradition of neoclassical economic analysis. 
The assumptions are carefully staled (although the lack of essential institutional 
detail in their analyses is glo.sscd over), and the various models arc developed in a 
clear, concise manner. Dixit has succeeded in his aim of writing a book which 
bridges “the wide gap that exists between elementary textbooks on grow th theory, 
such as Solow’s Growth Theory: An Exposition, and the advanced ones like Wan’s 
Economic Growth and Burmeistcr and Dobell’s Mathematical Theories of Economic 
Growth" (p. v). The book is laid out in a manner which makes self-study by the 
student possible. It is well written and brief notes at the end of chapters help to 
guide the student’s further reading in the subject matter covered. Dixit’s use of 
cost and revenue functions instead of production functions permits considctable 
simplification in the development of two-sector models, and this makes his 
examination of these models much easier to follow than in other books. 

The book begins with an examination of the method of equilibrium growth 
theory and production functions which treat capital as a factor of production on 
an equal footing with labor. A series of models are then presented. The textbook 
“Harrod-Domar” model (which should be distinguished more clearly from 
Harrod’s model) i.s examined first, followed by the Solow-Swan model, t.om- 
mcndable warnings arc given to the reader not to confuse analyses which are 
based on comparisons of equilibrium positions with those which are concerned 
with transitions. .Sensible warnings of this kind arc to be found throughout the 
book. For example, in discussing optimum saving, he notes that “considerations 
of an overlapping sequence of generations put a great strain on the intertemporal 
equilibrium story. Futures markets are even harder to visualize when not all 
agents in the economy exist at any common date” (p. 114). As its title indicates, 
however, the book concentrates on equilibrium growth. Some of the difficulties 
faced by neoclassical growth theory in its treatment of capital, as highlighted by 
the recent Cambridge controversies in capital theory (Harcourt 1972), arc dealt 
with only parenthetically. Dixit refers his readers to the examination of such 
matters by Bliss (1975). 

Separate chapters are devoted to the analysis of technological progress, optimum 
saving, two-sector models, natural-resource constraints, and disequilibrium 
models. The last is the briefest and least satisfactory chapter. Dixit’s presentation 
of the Kahn-Robinson discussion of equilibrium giowth is faulty because he 
reverses the order of causation and he ignores their emphasis on the importance 
of expectations. The desired rate of accumulation is a function of the expected 
rate of profit, while the actual rate of profit is determined by the rate of accumu¬ 
lation. It is thus misleading to “make the warranted growth rate an increasing 
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function of the profit rate” (p. 177); the relationship goes the other way. 
If the rate of accumulation is below the warranted rate, then the Kahn- 
Robinson warranted growth rate is stable, given the resulting profits, when the 
expected rate of return on investment is such that firms increase the rate of 
accumulation (and conversely, if the rate of accumulation is above the warranted 
rate). Stability in this model does not depend, as argued by Dixit, on the amount 
of “saving relative to the accumulation that producers are willing to undertake” 
(p. 178). The amount of saving is determined by the rate of accumulation. 

The book’s strength lies in its careful presentation of neoclassical equilibrium 
growth theory; it is thus not surprising to find that investment is determined by 
saving, institutional features of the economy being examined are not stated, social 
relations are nowhere mentioned, perfectly competitive markets are the rule, and 
full employment prevails. Entrepreneurs have no role or income in equilibrium; 
the ownership of machines provides returns automatically in precisely the same 
way as the holding of a bond (p. 38). Distribution can thus be explained by 
marginal productivity without any residual appearing to complicate matters. 
Dixit is clearly aware of the difficulties in trying to present equilibrium growth 
theory as a reasonable description of a dynamic economy. The main justification 
he gives for studying this theory is that it provides important insights into the 
efficient intertemporal allocation of resources. “The equilibrium prices are then 
to be interpreted as planners’ prices, or as imputed or shadow prices” (p. 11). 
He does, however, also claim “that study of equilibrium growth has an important 
role to play as a first approximation, or as a first step in a chain of reasoning” 
even though he states that he does not have faith in the “strong version of the 
'neoclasstcal synthesis' ’’ (p. 10). This claim is, of course, also based on faith. 
Given the cavalier treatment of historical time, uncertainty, expectations and 
investment behavior, and market imperfections, faith is needed to sec it even as a 
useful “first step.” 

A. Asimakopulos 

McGill University 
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The Just Economy. By J. E. Meade. 

Albany: State University of New York Press, 1976. Pp. xi + 247. $17.50. 

In some respects this book, which is the fourth volume in his series. Principles of 
Political Economy, is what wc might expect from Meade: the lucid prose, the 
succinct presentation, the copious use of examples, and, of course, the lack of 
references. In some respects, however, I found this book rather disappointing. In 
this volume, Meade essentially takes equity decisions as given, while the efficiency 
effects of their implementation are often postponed until the next volume. This 
does not leave too much in between, and consequently a good deal of the book 
consists of descriptions of the issues, a look at some of the difficulties that would 
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be encountered in a complete analysis, and a frustrating “tune into the next 
volume” as a coda. Also, part of the fun in reading Meade is encountering a new 
twist or insight among the familiar, but freshly presented, established material. 
Perhaps the gems are too well hidden for me (I never was that good at Easter egg 
hunts) or perhaps it is the scope of this particular volume, but I found the book 
to be disappointing in this regard. Much of it is a rather cursory, and not very 
inspiring, description of the conventional aspects of introducing equity considera¬ 
tions into economic models. Lest the reader get the wrong impression, I hasten 
to add that Meade, even when disappointing, is good and that this book could be 
read profitably by just about anybody—even those confirmed logical positivists 
to whom expressions like “the theory of justice” are an outright annoyance. 

In chapter 2, we cross the Rubicon of welfare economics—the making of 
interpersonal utility comparisons. The crossing is easy since we are faced with the 
existence of policymakers who are engaged in the process of making such com¬ 
parisons, and Meade feels we might as well assume they act “as if” they are 
making them in terms of a well-defined social welfare function (SWF). In chapter 
3, the shortcomings of the compensation principle are discussed (at least, up to 
what is known [elsewhere] as the “Scitovsky paradox”). A formal analysis of 
separating the efficiency and equity considerations of any policy involving 
differential changes is also presented. 

In chapter 4, Meade tackles some fundamental problems. First, the form of the 
SWF where we are introduced to the simplified two-person lexical maximin form. 
Meade is at his best here where he illustrates the equity implications of this 
egalitarian function with a rather devastating example. Curiously, this is one of 
the few places in the book where Meade’s inspirational debt to Rawls, proclaimed 
in the preface, is apparent. While the unweighted utilitarian SWF is dispatched 
punctiliously in the same chapter, the bulk of the book is distinctly modified 
utilitarian in outlook since much of the formal analysis involves differential 
changes and the (non)con3tancy of the finite distributive weights is essentially 
irrelevant. 

In the same chapter, Meade deals with the difficult problem of measuring 
individual welfare. As in his earlier volumes he adopts, rather uncritically I 
believe, current consumption as the appropriate measure. To be sure, Meade 
discusses some of the finicky problems associated with this welfare measure, 
namely, those involving differences in tastes or current circumstances not included 
in measured consumption, but the overall suitability of current consumption is not 
really challenged. I believe this works to the detriment of his discussion of the 
intertemporal aspects of equity in chapter 6. Amid an otherwise enlightening 
chapter which ranges from Hotelling’s rule for resource depletion (eq. [6.3] on 
p. 87) to differences in public and private attitudes to uncertainty, Meade pre¬ 
sents a simple model of four overlapping generations in an economy with growing 
output per head. Because the elasticity of the marginal utility of consumption is 
small, the lifetime consumption stream of each generation rises sufficiently rapidly 
so that the current consumption of older generations exceeds that of younger at 
the times the generations overlap, despite the rise in output per head over time. 
The fact that Meade concludes from this example that intergcnerational equity 
requires redistribution from the older (but, over their lifetimes, poorer) generations 
to the younger is a clear indication of his commitment to an unsuitable measure 
of individual welfare rather than peculiar equity judgments on his part. 

Chapter 7 is a fine discussion of the problems involved with measuring the 
inequality of the income distribution. While the text concerns itself with con¬ 
ventional indexes such as the Gini ratio, an attached note deals with indexes 
derived from social welfare functions such as Atkinson’s index. In chapter 8, 
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Meade discusses the degree of equality in the income distribution arising from 
competitive markets. Not surprisingly, it depends on the equality of factor endow¬ 
ments, the determination of which is examined in chapter 9. This chapter consists 
of a rather tedious example designed to illustrate the forces which perpetuate and 
reinforce existing inequalities in factor endowments through the intergenerational 
transmission of human and nonhuman capital. 

Chapter 13 is an interesting chapter which catalogs the battery of income 
redistributive tools available to the government. A brief description and statement 
of the efficiency pros and cons of each are given. Anyone hoping to get a few 
insights from Meade about the optimal income tax literature or other such matters 
will be disappointed, since a detailed examination of the efficiency implications 
of these policies is postponed until the next volume. While this chapter is among 
the more interesting in the book, I find it unsatisfactory overall. Some of Meade’s 
contention are a little facile. For example, he argues that nationalization of 
industry as a distributive policy can yield efficiency gains because the income 
from state-owned industries can be used lo reduce distortionary taxation. A careful 
reading indicates the true source of the efficiency gain. I hc properties arc nation¬ 
alized by means of lump-sum taxes - thus, the gains actually result from the 
indirect replacement of distortionary taxes by nondislorlioiiaiy taxes. The 
appendix ro this chapter is classic Meade. 'I'he social welfaie eHVet of a given 
policy change is found in an uncertain, dynamic economy and is expressed as a 
page-long algebraic equation which is subsequently dissected and each term ex¬ 
plained intuitively. 

Nlu. Bruuk 

Qurrns Univenily, Kingston 


EuroLUTTcncies and tlw International Monetary System. Kditi'd by H. Si lm, John 

M. Makin, and IDi.nnis E. Loiuik. 

W^ashington, D.C.: Anicrican Eniciprise Institute' for Public Policy Research, 

1970. Pp. 413. $12.00 (cloth); $5.00 (paper). 

The international monetary system has changed substantially in recent years as 
the Brettoii Woods system has been replaced by generally (loafing exchange rales. 
Parallel lo this development theie has been rapid giowih and expansion of Euro- 
cui'icncy markets. Although this paiallclism does not necessarily indicate a causal 
lelutionship, the possibility that it doe.s is intiigihng and important enough to 
wai rant serious r<*seareh, Eurocurrencies and the International Monetary vSy.stem contains 
the results of such r<*.seai( h. Phe book is the outcome of a conference sponsored 
jointly by the American Enterprise Instiiule and the U.S. I'rcasury and held in 
Washington in October 1974. The purpose of the conference was to “shed light 
on the role of the Eurocurrency system in alTecling the workings of the inter¬ 
national monetary system and thereby the problems faced by the national 
financial systems” (p. 1). 

After an introductory essay by John Makin, which also serves as a summary of 
what follows, the book is divided into four main sections, each corresponding to a 
conference session. Each part is in turn composed of a major paper (two papers in 
part 2), a set of critical comments from four to five official discussants, and an 
edited version of the general discussion among the conference participants. While 
including the comments of the discussants in a conference volume is useful, since 
they often provide interesting perspectives, most of the general discussion is not of 
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the sort that makes it worthwhile priming, even In an edited form. I'his i.s not 
because the unofficial comments always lack interest but taiher that they tend to 
be very long relative to the importance of the content. To i educe ilie size of an 
already long book it would therefore have been desirable to give only the high¬ 
lights of the discussions. 

Part 1 of the book is introduced by a paper entitled “Eurocun cncics and the 
Evolution of the International Monetary System” prepared bv John Makin. In 
this paper Professor Makin attempts first to provide an (‘\planation of the (‘mer¬ 
gence of the U.S. dollar as an inlernationai uione) based on a llieoiy of the 
evolution of a dominant monetary asset in a national economy. Makin then goes 
on to argue that the consequent increase in inlernalional financial inti‘giaiion led 
to less and less scope for autonomous national inonelaiy policy, the unarrepl- 
ahilily of which resulted in the breakup ol the Brction Woods system and the 
advent of generally flexible exchange rales. The Euioeuiieney maikel.s aie 
supposed to have jilayed a major role in thisseenano by bunging about a d<*gi(‘e 
of capital mobility which lendercd national inonelaiy jJoliey unable to affect 
domestic economic activity. 

After reviewing arguments relating the demand fot mternaiinnal iesei\es to 
the introduction of flexible exchange lates, Makin concludes that ih(‘ie is likely 
to have heeii some reduction in the demand for inlei national lesei \ cs and suggests 
that this may have been a reason for part of the inflalionaiy singe in As to 

the effect on real trade flow.s, Makin argues (hat the ellet l of moie flexilnlity of 
c.xcliange rate's is not unambiguous and he presents empiiK.il evidence s/ummg 
no ajiparent i<‘laiionsbip between these vaiiables. A final section ol ilie j).iper 
d(‘als with the que.stion of the optimal degree of excluMge-rate llexiljilitN', 

'1 he official discussants of Makin's paper, all woiih reading, take the author 
to task on a number of issu<*s such as {a) the daiitig of the inajor shock to liic 
Bretton-Woods .system at 1971 with the abandonment ol a pnssi\(' balanci' of 
payments jiolicy of tlie United States, {h) the implicit assumption of low goods 
maiket iiiiegraiion throughout the 1960s in Makin’s discussion of tlie "over- 
' allied” dollar, (c) the assumed critical role of the RuK)clollai nhirkei in ilie 
bteakdown of fixed <'xchange rates, and {<1) the neglect of nulnsiiial oigani/.tiion 
aspects as reasons for the development of l‘’iir(M:urirncy maiki't. 

'I'he topic ofl^arl 2 ofilie volume is the* efficiency of th(’ inteinaiional financial 
system and the appropriate way to model the mechanisms linking national 
fmarieial markel.s logeilier. A paper by Dennis Logue. Michat'l Salaiil, and 
Kicliard Sweeney entitled ’'International Iiilegiation of I’lnaiuial Markets: 
Survey, Synthesis, and Results” is diiected at the first of these c|uestions. It stalls 
out w'ith a useful survey of dilfereni concepts of international inlegiation of 
financial markets and reviews previous eirorts at measuiing ihem ' iniiircally 
A veiy iiileivsimg finding (jf all these studies is the lendeiKV for integration to 
have become stronger throughout the I9r)()s and ilie first hall of the IbbOs. Alter 
about 1%7 no further integration can be delected, however, a conrliision wliicli 
does not seem eonslstent with Makin’s emphasis on the Emodnilar market as a 
reason for increased capital mobility. 

Logue, Salarit, and Sweeney extend current concepts of integi alion by applying 
the efficient market imjdel to the international capital niarkei. Tins mod< l leads 
them to suggest covanabilily of interest rates as a rrilerion (nr mU'gral ion. I'hey 
then investigate short-term interest rates in seven countries by means ol piincipal 
romponeru analysis and conclude that these countries’ financial markets aie 
highly integrated since a single factor can explain over BO peicenl of the genei- 
alizcd variance of these seven iniercsi rales. As the aulhois themselves recognize, 
their empirical findings and method is not a test of the efficient market model, but 
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they argue that their results show strong financial integration between the 
countries studies.* 

The question of how to model interest linkages between national money markets 
is dealt with in the paper by Richard Herring and Richard Marston called “The 
Forward Market and Interest Rates in the Eurocurrency and National Money 
Markets.” The authors present a theoretical model designed to examine the 
interaction between Eurocurrency deposit rates, forward exchange rates, and 
national interest rates. Their treatment represents an improvement over tradi¬ 
tional models of forward exchange markets which typically assume that interest 
rates are exogenou.sly determined, but the applicability to current events is 
.seriously hampered by being limited to a regime of fixed exchange rates. 

“‘Fhe Eurocurrency Market, Exchange-Rate .Systems, and National Financial 
Policies” is the title of the paper by Thomas Willett which served as a background 
for Part 3 of the conference. The reference to the Eurocurrency market is, how¬ 
ever, minimal, being limited to a brief analysis of the inflationary impact of 
Eurot!urrency growth. Apart from that, “the development of the Eurocurrency 
market is treated as a general increase in interest-sensitive capital mobility” 
(p. 195) despite the evidence surveyed by Loguc, Salant, and .Sweeney indicating 
no such relationship. 

The mam part of Professor Willett’s paper is concerned with the cfTeciiveness 
of monetary and fiscal policy under fixed and flexible exchange rates. Special 
atleniion is given to the importance of the degree of capital mobility. While a 
survey of the main theorems on policy eflectiveness in open economies may be 
useful a.s a background for further analysis and discussion, the results are too well 
known to constitute a major part of a book of this kind. Built as they are on the 
Keynesian open economy model, the results could usefully have been scrutinized 
as to their robustness in face of relaxing the assumptions of fixed prices and wages 
on the one hand and a perfectly elastic supply of output on the other. It is not 
clear that either of those assumptions comes close to describing the current state 
of affairs in any economy of interest. If not, and if the theorems Willett reviews 
are very sensitive to ihe.se assumptions, the relevance of his discussion for the 
conduct oi policy may be nil. A related criticism of the model on which Willett 
relies concerns the time period of the analysis. In the long run, neither fiscal nor 
monetary policy is likely to have an appreciable effect in a .small open economy.^ 
Arguments about stabilization policies in these economies must therefore relate 
to the dynamics of adjustment, and as such they ought to be couched in a model 
which makes this clear, 

'1 hree annexe.s arc attached to Willett’s paper. Of them, the first i,s the most 
interesting as it contains empirical evidence showing virtually no relationship 
between exchange rates and interest rates during the period February 1973- 
May 1974. These results thus cast “doubt upon the assertion that interest-rate 
changes have been a dominant determinant of exchange-rate behavior under the 
current float” (p. 223) and as such they indicate the need for alternative models 
and explanations. 

The only paper which is devoted substantially to the Eurocurrency market is 
“.Some Eurocurrency Problems: Credit Expansion, the Regulatory Framework, 
Liquidity, and Petrodollars” by Carl Stem. Professor Stem begins by enumerating 

‘ It Is worth pointing out here, since it is relevant for Makin’s paper and for Willett’s 
(sec below), that the present reviewer has found an equally high degree of integration 
among goods markets in 21 OECD countries (see Genbcrg 1977). 

* On both real and nominal variables under fixed exchange rales. With a flexible 
exchange rate, monetary policy of course controls the price level in the long run. 
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the various developments and circumstances that have led to calls for controls 
over the expansion of the Eurocurrency market. He then raises the question as to 
what type of model is appropriate as a description of the expansion of Eurodollar 
deposits. He criticizes various versions of the multiplier approach mainly because 
of the difficulty of finding an adequate definition of the base upon which the 
expansionary process is built. Stem concludes that the nonbank financial inter¬ 
mediary credit expansion model is appropriate for analysis of the Eurocurrency 
system. 

Among the possible ways to control the expansion of the Eurodollar market 
.Stem analyzes and rejet ts both a system of reserve requirements imposed on 
Eurobatiks and open market operations with the U.S. Federal Reserve acting as 
the world cenlral bank. He instead argues convincingly that deregulation of U.S. 
banks is likely to be the most effcclive in limiting the growth of the Eurocurrency 
market. This conclusion is based on an analysis of the effect on the competitiveness 
of U..S. banks of current regulations limiting the payment of inlercst on certain 
kinds of di'posits. .Stem concludes his interesting paper with a section on the 
question of a lender of last resort for Eurobanks and an analysis of the impact of 
petrodollars on the Eurocurrency system. 

As should be clear frotn the above, the book under review does not, except for 
.Stem’s paper, deal to any great extent with the Eurocurrency market. Instead its 
main emphasis is on aspects of capital mobility and fixed versus Hexibic exchange 
rates. W'ithiri these topics its stiength is not in providing new results and con¬ 
clusions but rather in surveying a large number of issues. As such it tends to be 
lengthy at times although occasionally an interesting hypothesis and suggestion 
f'oi further research is provided. If the editors had attempted to reduce the length 
of the book falily siibstanlially. they would not have risked a reader skimming 
over these bright spots. 

The book does not contain an index but has a very useful 37-pagc bibliography 
of which 51 etuties are annotated. 

Hans Genberc 

Graduate Institute of International Studies, Geneva 
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David Ricardo: A Biografdty. By Davio Weatiif.kai.i.. 

The Hague: Martinus NijholT, 1976. Pp. xi + 201. FI 35. 

1 his volume has little about the economics of David Ricardo but is an informative 
account of his life and personality. 'Fhc author well summarizes the approach of 
the book in the preface: “ I'hough much necessarily is said about the economist 
in the book, I must make plain that it is not primarily a study of his work. ... In 
the arrangement of the book I have departed occasionally from a strictly chrono¬ 
logical narrative. Instead I have attempted to present the life of David Ricardo in 
a number of facets, as if it were a diamond.” 

As the author acknowledges in the preface, he has drawn heavily upon the 
material in Sraffa’s The Works and Correspondence of David Ricardo. He has afso used 
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some other sources, in particular those relating to the family background of the 
Ricardos, going back to Spain; the family’s residence in the seventeenth century 
in Livorno, where they were in the coral trade; the history of the Jewish com¬ 
munity in Amsterdam; Ricardo’s religion and his association with Unitarianism; 
and the housekeeping details of his various homes in England. 

The book reinforces the picture of Ricardo that is familiar to those who have 
read the correspondence and biographical material in the Ricardo Works: his 
reasonableness, his high sense of integrity, his concern for those less financially 
fortunate than himself—both in his own family and outside—and his efforts in 
behalf of religious toleration and of political reform. For the noneconomist who 
has read too deeply in Carlyle and Ru.skin about the heartlessness of classical 
economists, the book should do much to correct an all too common stereotype. 

Within the limits that he has set for himself, Weathcrall has written an inter¬ 
esting account that the noneconomist as well as the economist will find good 
reading. 

Frank. Whitson Fetter 

Hanover, New Hampihire 
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